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(4)  INTRODUCTION 


Subject.  The  present  investigation  quantifies  central  thermosensitivity  from  the  selective 
manipulation  of  esophageal  (Tes)  temperature  at  a  constant  skin  temperature.  One  of  the 
difficulties  in  assessing  thermosensitivity  of  metabolic  heat  production  in  man  is  the  inability  to 
control  for  differences  in  absolute  temperatures  of  both  the  skin  and  core  thermosensors  as  well 
as  their  rates  of  cooling,  all  of  which  are  factors  that  contribute  to  the  thermogenic  response  (1). 
Mittleman  and  Mekjavic  (1,2),  however,  validated  a  technique  for  evaluating  central 
thermosensitivity  during  cold  water  immersion.  This  technique,  which  controls  absolute  and 
dynamic  skin  temperature  by  immersion  in  water,  enables  the  core  temperature  to  be 
manipulated  so  that  the  thermoresponsiveness  of  all  subjects  are  evaluated  at  similar  absolute 
and  dynamic  core  temperatures.  This  unique  technique  involves  the  occlusion  of  extremity 
blood  flow  for  10-min  to  allow  limb  blood  to  cool  towards  the  temperature  of  the  surrounding 
tissues.  Upon  release  of  cuff  pressure,  the  cooled  trapped  blood  returns  to  the  core  region 
initiating  a  decrease  in  Tes,  with  a  concomitant  increase  in  heat  production  (HP).  The  slope  of 
this  Tes-HP  relationship  during  the  dynamic  post-occlusion  phase  is  defined  as  central 
thermosensitivity.  The  authors  (1)  evaluated  thermosensitivity  of  metabolic  HP  in  European- 
American  males  age  23  ±  4  yrs  and  revealed  that  the  heat  production  response  to  a  similar  skin 
and  core  thermal  drive  was  unrelated  to  body  composition  and  size  (3)  or  aerobic  fitness  (4).  In 
addition,  central  thermosensitivity,  was  correlated  to  the  change  (A)  in  Tes  and  HP  across  the  90- 
min  of  resting  exposure  during  the  cold  air  tolerance  test  (CATT). 

Purpose/Scope:  The  purpose  of  this  investigation  was  to  therefore  determine  if  central 
thermosensitivity  differs  between  males  and  females,  or,  if  menstrual  cycle  phase  age,  ethnicity 
or  age  would  affect  central  thermosensitivity.  In  addition,  it  is  uncertain  if  central 
thermosensitivity  (as  determined  in  water)  is  correlated  to  a  cold  air  tolerance  test. 
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(5)  BODY 

According  to  the  revised  SOW  that  was  submitted  May  1995,  the  following  objectives  were 
evaluated: 

Year  1:  The  influence  of  gender  and  menstrual  phase  on  thermosensitivity  during  cold  water 
immersion  (Note:  published  manuscript  Appendix  A). 

The  influence  of  gender  and  menstrual  cycle  on  a  cold  air  tolerance  test  and  its  relationship  to 
themosensitivity  (Note:  published  manuscript:  Appendix  B). 

Year  2:  The  influence  of  ethnicity  on  thermosensitivity  during  cold  water  immersion 
[Note:  in  press  manuscript  (Aviation  Space  and  Environmental  Medicine):  Appendix  C]. 

Year  3:  The  influence  of  age  on  thermosensitivity  during  cold  water  immersion. 

(Note:  publication  in  review  Appendix  D). 
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(6)  KEY  RESEARCH  ACCOMPLISHMENTS: 


•  Despite  gender  differences  in  heat  production  (HP),  the  thermosensitivity  of  HP  during  cold 
water  immersion  is  similar  between  males  and  females  and  is  not  influenced  by  menstrual  cycle 
phase. 

•  When  faced  with  a  cold  challenge,  women  respond  similarly  to  men  in  both  phases  of  their 
menstrual  cycle. 

•  Menstrual  cycle  phase  did  not  cause  a  differential  response  in  esophageal  temperature  (Tes), 
mean  skin  temperature  (Tsk),  and  HP  during  a  cold  air  tolerance  test  (CATT). 

•  Women  maintained  a  higher  Tes  than  men  during  the  CATT  despite  similarities  in  HP  and 
Tsk. 

•  Despite  a  differential  response  in  Tes  between  African  Americans  (AA)  and  Caucasian  (CAU) 
groups,  the  thermosensitivity  of  HP  during  cold  water  immersion  is  similar  between  CAU  and 
AA. 

•  When  faced  with  a  cold  challenge,  there  is  a  similar  response  in  HP  between  CAU  and  AA  that 
is  accompanied  by  a  differential  response  in  Tes. 

•  There  was  no  relationship  between  {5  and  thermoregulation  during  the  CATT  in  these  protocols. 

•  Despite  a  trend  towards  a  difference  in  heat  production  (HP),  with  age  the  thermosensitivity  of 
HP  during  cold  water  immersion  is  similar  between  young  and  old  individuals 

•  When  faced  with  a  cold  challenge,  young  and  old  individuals  respond  similarly  with  no 
difference  in  Tsk,  Tes,  HP  or  {5. 
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(8)  CONCLUSIONS: 

•  The  thermosensitivity  of  HP  during  cold  water  immersion  is  similar  between  males  and  females 
and  is  not  influenced  by  menstrual  cycle  phase  or  age. 

•  When  faced  with  a  cold  challenge,  women  respond  similarly  to  men  in  both  phases  of  their 
menstrual  cycle. 

•  Menstrual  cycle  phase  did  not  cause  a  differential  response  in  esophageal  temperature  (Tes), 
mean  skin  temperature  (Tsk),  and  HP  during  a  cold  air  tolerance  test  (CATT). 

•  Women  maintained  a  higher  Tes  than  men  during  the  CATT  despite  similarities  in  HP  and 
Tsk. 

•  Despite  a  differential  response  in  Tes  between  African  Americans  (AA)  and  Caucasian  (CAU) 
groups,  the  thermosensitivity  of  HP  during  cold  water  immersion  is  similar  between  CAU  and 
AA. 

•  When  faced  with  a  cold  challenge,  there  is  a  similar  response  in  HP  between  CAU  and  AA  that 
is  accompanied  by  a  differential  response  in  Tes. 

•  When  faced  with  a  cold  challenge,  there  is  a  similar  response  in  HP  between  old  and  young 
individuals  that  is  accompanied  by  a  differential  response  in  Tes. 
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The  Influence  of  Gender  and  Menstrual  Phase  on 
Thermosensitivity  During  Cold  Water  Immersion 


Ellen  L.  Glickman-Weiss,  Ph.D., 

Christopher  Cheatham,  M.S. ,  Natalie  Caine,  M.A., 
Mark  Blegen,  M.S.,  Jennifer  Marcinkiewicz,  Ph.D., 
and  Karen  D.  Mittleman  Ph.D. 


Glickman-Weiss  EL,  Cheatham  CC,  Caine  N,  Blegen  M,  Mar- 
onkiewicz  J,  Mittleman  KD.  The  influence  of  gender  and  menstrual 
phase  on  thermosensitivity  during  cold  water  immersion.  Aviat 
Space  Environ  Med  2000;  71:715-22. 

Background:  This  investigation  evaluated  the  influence  of  gender  and 
phase  of  menstrual  cycle  [follicular  (FOL:  days  2-6)  and  luteal  (LUT: 
days  19-24)  phases]  on  thermosensitivity  and  metabolic  heat  produc¬ 
tion  (HP)  during  cold  water  immersion  (20°C)  in  1 0  females  (22  4  ±  2  8 
yr)  and  1 6  males  (22.4  ±  2.9  yr).  Methods:  Following  a  20-min  baseline 
period  (BASE),  subjects  were  immersed  until  esophageal  temperature 
(Tes)  reached  36.5°C  or  for  a  maximum  pre-occlusion  (Pre-OCQ  time  of 
40  min.  An  aim  and  thigh  cuff  were  then  inflated  to  1 80  and  220  mmHg, 
respectively,  for  10  min  (OCQ.  Following  release  of  the  inflated  cuffs 
(Post-OCC),  the  slope  (0)  of  the  relationship  between  the  decrease  in  T« 
and  the  increase  in  HP  was  used  to  quantify  thermosensitivity.  Results: 
ANOVA  revealed  no  significant  difference  in  thermosensitivity  between 
phases  of  the  menstrual  cycle  or  between  men  and  women  (FOL  = 

r2Jnn yj  =  ”ir05'  ^a,es  =  ~3*24  W  ‘  k8~’  *  °C_,)-  A  significant 

(p  <  0.05)  main  effect  for  gender  for  HP,  and  a  significant  (p  <  0.05) 
main  effect  for  menstrual  phase  for  mean  skin  temperature  (T*)  were 
observed.  Conclusions:  These  data  suggest,  despite  gender  differences  in 
HP,  that  the  thermosensitivity  of  HP  during  cold  water  immersion  is 
similar  between  males  and  females  and  is  not  influenced  by  menstrual 
cycle  phase.  Therefore,  these  data  indicate  that  when  faced  with  a  cold 
challenge,  women  respond  similarly  to  men  in  both  phases  of  their 
menstrual  cycle. 

Keywords:  Cold  exposure,  gender,  core  temperature,  thermoregulation. 


TT  IS  WELL  ESTABLISHED  that  a  combination  of 
A  factors  such  as  gender,  body  composition  and  mor¬ 
phology,  age,  and  ethnicity  may  influence  an  individu¬ 
al's  response  to  cold  stress  (4,5,21,30).  Whether  the  po¬ 
tential  alterations  in  cold  responsiveness  are  a  result  of 
the  morphological  differences  between  these  groups  or 
are  due  to  differences  in  thermosensitivity  are  un¬ 
known. 

McArdle  et  al.  (14)  suggests  that  the  differences  in 
thermoregulation  between  men  and  women  at  rest  dur¬ 
ing  cold  stress  at  may  be  due  in  part  to  the  sensitivity  of 
the  thermogenic  response.  These  authors  found  that 
women  exhibited  an  attenuated  thermosensitivity  of 
heat  production  (HP),  with  a  declining  T«,  compared 
with  men  during  resting  cold  water  immersion.  Addi¬ 
tionally,  Graham  et  al.  (8)  reported  that  men,  along  with 
eumennorrheic  and  amennorheic  women,  have  differ¬ 
ent  responses  to  cold  stress.  Mannino  and  Kaufman  (13) 
also  found  a  greater  responsiveness  to  cold  in  women 
who  were  similar  in  body  composition  to  the  men  stud¬ 
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ied.  In  contrast  to  McArdle  (14),  Anderson  and  col¬ 
leagues  (1)  reported  the  thresholds  for  shivering  and 
sweating  and  the  magnitude  of  the  thermoregulatory 
null  zone  (i.e.,  core  temperature  range  over  which  shiv¬ 
ering  and  sweating  are  absent)  were  similar  in  men  and 
women  despite  differences  in  body  composition.  These 
authors  were  able  to  compare  thermoregulatory  re¬ 
sponses  to  similar  peripheral  and  core  thermal  drives 
during  immersion  in  thermoneutral  (28°C)  water. 

Gonzalez  and  Blanchard  (7)  as  well  as  Stephenson 
and  Kolka  (25)  report  that  a  linkage  exists  between 
reproductive  hormones  and  thermoregulation  in 
women.  These  authors  (7)  suggest  that  hormonal  levels 
at  each  menstrual  cycle  phase,  core  temperature,  and 
peripheral  inputs  must  be  considered  in  quantifying 
thermoregulatory  responses  in  women  during  cold 
stress.  Gonzalez  and  Blanchard  (7)  evaluated  the  ther¬ 
moregulatory  responses  to  cold  air  transients  (20  to 
-5°C  at  —  0.32°C  •  min-1),  during  the  different  men¬ 
strual  cycle  phases  in  resting  clothed  women  (two  dif¬ 
ferent  military  clothing  systems).  These  authors  (7)  sug¬ 
gest  that  during  transient  cold  stress  in  resting  women 
at  two  stages  of  the  menstrual  cycle,  a  decreased  slope 
in  luteal  phase  was  observed  when  shivering  thermo¬ 
genesis  was  plotted  against  integrated  body  tempera¬ 
ture.  In  addition,  during  the  luteal  phase,  women  dem¬ 
onstrated  an  increase  in  cutaneous  heat  flux,  but  rate  of 
heat  debt  was  reduced.  According  to  these  data,  a  dif¬ 
ferential  thermoregulatory  response  was  demonstrated 
that  is  linked  to  the  individuals  varying  hormonal  sta¬ 
tus.  Based  on  their  review  of  the  literature,  Stephenson 
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and  Kolka  (25)  suggest  that  studies  of  thermoregulatory 
effector  function  during  cold  exposure  over  the  men¬ 
strual  cycle  are  warranted,  as  it  is  uncertain  if  there 
exists  a  true  differential  response  between  men  and 
women  that  may  be  confounded  by  menstrual  cycle 
phase. 

The  present  investigation  quantifies  central  thermo¬ 
sensitivity  from  the  selective  manipulation  of  esopha¬ 
geal  (Tea)  temperature  at  a  constant  skin  temperature. 
This  unique  technique  involves  the  occlusion  of  extrem¬ 
ity  blood  flow  for  10  min  to  allow  limb  blood  to  cool 
toward  tire  temperature  of  the  surrounding  tissues.  On 
release  of  cuff  pressure,  the  cooled  trapped  blood  re¬ 
turns  to  the  core  region  initiating  a  decrease  in  Tes,  with 
a  concomitant  increase  in  heat  production  (HP).  The 
slope  of  this  T«-HP  relationship  during  the  dynamic 
post-occlusion  phase  is  defined  as  central  thermosensi¬ 
tivity.  One  of  the  difficulties  in  assessing  thermosensi¬ 
tivity  of  metabolic  heat  production  in  man  is  the  inabil¬ 
ity  to  control  for  differences  in  absolute  temperatures  of 
both  the  skin  and  core  thermosensors  as  well  as  their 
rates  of  cooling,  all  of  which  are  factors  that  contribute 
to  the  thermogenic  response  (18).  Mittleman  and  Mek- 
javic  (18,19),  however,  validated  a  technique  for  evalu¬ 
ating  central  thermosensitivity  during  cold  water  im¬ 
mersion.  This  technique,  which  controls  absolute  and 
dynamic  skin  temperature  by  immersion  in  water,  en¬ 
ables  the  core  temperature  to  be  manipulated  so  that  the 
thermoresponsiveness  of  all  subjects  is  evaluated  at 
similar  absolute  and  dynamic  core  temperatures.  The 
authors  (18)  evaluated  thermosensitivity  of  metabolic 
heat  production  in  European- American  males  age  23  ± 
4  yr  and  revealed  that  the  heat  production  response  to 
a  similar  skin  and  core  thermal  drive  was  unrelated  to 
body  composition  and  size  (17)  or  aerobic  fitness  (16).  It 
is  uncertain,  however,  if  central  thermosensitivity  dif¬ 
fers  between  males  and  females,  or,  if  menstrual  cycle 
phase  would  affect  central  thermosensitivity. 

Therefore,  whether;  a)  a  more  severe  cold  challenge 
(i.e.,  temperature  of  environment,  air  vs.  water  environ¬ 
mental  challenge,  duration  of  immersion,  and  semi¬ 
nude  condition);  b)  the  examination  of  gender  and  men¬ 
strual  phase;  and  c)  the  systematic  control  of  central  and 
peripheral  inputs  would  also  result  in  similar  core  ther¬ 
mosensitivities  in  men  and  women  has  not  been  exam¬ 
ined  and  thus  renders  investigation.  The  purpose  of  the 
present  investigation  was  to  evaluate  the  influence  of 
gender  and  the  phase  of  the  menstrual  cycle  on  ther¬ 
mosensitivity  of  HP  during  cold  exposure. 

METHODS 

Subjects 

Healthy,  active  Caucasian  men  (n  =  16)  and  women 
(n  =  10),  age  18-29  yr,  volunteered  to  participate  in  the 
study  (Table  I)  and  provided  informed  consent.  The 
Institutional  Review  Board  approved  all  experimental 
procedures  for  Human  Subjects  Research.  Subjects  com¬ 
pleted  the  cold  trials  between  April  and  mid-November 
to  limit  the  potential  influence  of  natural  cold  acclima¬ 
tization  on  physiological  responses  (2).  The  women 
were  not  using  oral  contraceptives  and  were  eumenor- 


TABLE  I.  SUBJECT  CHARACTERISTICS  (M  ±  SD). 


Variable 

Male  (n  =  16) 

Female  (n  =  10) 

Age  (yr) 

Height  (cm) 

Weight  (kg) 

BSA  (m2) 

Body  fat  (%) 

Vc^max  (mL  *  kg-1  *  min  ') 

22.4  ±  2.9 
177.3  ±  7.9 

77.8  ±  11.5 
1.94  ±  02 

10.9  ±  2.9 

46.4  ±  9.2 

22.4  ±  2.8 
166.4  ±  7.3* 

66.4  ±  12.4* 
1.74  ±  0.2* 
24.6  ±  5.1* 

37.5  ±  13.5 

BSA,  Body  Surface  Area;  *p  <  0.05,  males  vs.  females. 


rheic,  with  confirmation  of  the  follicular  (FOL)  or  luteal 
(LUT)  phase  of  the  menstrual  cycle  provided  by  assess¬ 
ment  of  their  serum  estradiol  (EJ  and  progesterone  (P4) 
values. 

Pre-Experimental  Testing 

During  the  first  visit  to  the  laboratory,  anthropomet¬ 
ric  variables  and  maximal  oxygen  uptake  (Vo2m«)  were 
measured.  Height  and  weight  were  measured  via  a 
stadiometer  and  a  balance  beam  scale,  respectively. 
Skinfold  thickness  was  measured  using  standardized 
procedures  and  percent  body  fat  was  calculated  using 
gender  specific  equations  (10,11).  Surface  area  (Ad)  was 
calculated  from  height  and  weight  using  the  formula  of 
Dubois  and  Dubois  (3).  Each  subject  performed  a  max¬ 
imal  exercise  test  on  a  magnetically  braked  cycle  er- 
gometer  to  determine  Vojnn.  The  protocol  consisted  of 
increasing  the  work  rate  in  a  progressive  manner  until 
maximal  voluntary  exhaustion  was  achieved.  The  test 
began  at  60  W  for  males  and  40  W  for  females  for  2  min 
and  increased  20  W  •  min-1  thereafter.  Oxygen  con¬ 
sumption  (Voj)  was  measured  using  an  automated 
open  circuit  system  (MAX-1  CART,  Physio-Dyne  In¬ 
strument  Company,  Quogue,  NY).  Expired  respiratory 
air  samples  were  collected  continuously  throughout  the 
maximal  exercise  test  and  recorded  at  30-s  intervals. 
Heart  rate  (HR)  was  recorded  every  30  s  and  rating  of 
perceived  exertion  (RPE)  was  assessed  during  the  last 
10  s  of  each  exercise  stage.  Vo2m»x  was  determined  to  be 
the  average  of  the  two  greatest  30  s  values. 

Water  Immersion  Protocol 

The  water  immersion  protocol  consisted  of  four  stag¬ 
es:  baseline  (BASE),  pre-occlusion  (Pre-OCC),  occlusion 
(OCC),  and  post-occlusion  (Post-OCC).  Subjects  were 
dressed  only  in  shorts  (males)  or  shorts  and  a  jogging 
bra  (females). 

Throughout  the  entire  water  immersion  protocol, 
core  (esophageal)  temperature  (Tes),  skin  temperature, 
expired  respiratory  air  samples,  and  HR  were  continu¬ 
ously  measured.  Tes  was  measured  using  a  copper- 
constantan  thermocouple  encased  in  an  infant  feeding 
tube  (Model  #  8888-260406,  Sherwood  Medical,  St. 
Louis,  MO).  Insertion  depth  to  the  level  of  the  heart  was 
determined  by  sitting  stature  (15)  with  adjustments  to 
obtain  the  highest  temperature  reading.  Skin  temperature 
was  evaluated  from  seven  sites  (head,  tricep,  hand,  chest, 
thigh,  calf,  foot)  using  copper-constantan  thermocouples. 
Mean  weighted  skin  temperature  (Tsk)  was  calculated  us¬ 
ing  tire  formula  of  Ramanthan  (19).  The  esophageal  and 
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TABLE  n.  CONCENTRATION  LEVELS  OF  ESTRADIOL  AND 
PROGESTERONE  DURING  BASAL  REST  PERIODS  (M  ±  SD). 


Honnone/Menstrual 

Follicular 

Luteal 

Phase 

(Days  2-6) 

(Days  19-23) 

Estradiol  (pg  *  mL"1) 

32.94  ±  7.09 

111.40  ±  60.63* 

Progesterone  (ng  •  mL  ”1) 

0.72  ±  0.30 

10.61  ±  4.80* 

*p  <  0.05,  FOL  vs.  LUT. 


skin  temperature  thermocouples  were  interfaced  to  a 
datalogger  (Omega  OM-5000  Data  Logger,  Omega  Engi¬ 
neering,  Inc.,  Stamford,  CT)  and  values  were  recorded 
every  minute.  Expired  respiratory  air  samples  were  col¬ 
lected  and  analyzed  every  minute  and  used  to  calculate 
HP  (W-  m~2).  HR  was  recorded  every  minute. 

During  BASE,  each  subject  sat  quietly  in  a  semi- 
recumbent  position  on  a  lounge  chair  for  20  min  in  28°C 
air.  Following  BASE,  15  cc  of  blood  was  drawn  from  an 
antecubital  vein  for  the  assessment  of  serum  Ej  and  P4 
levels. 

Immediately  following  the  blood  sampling,  each  sub¬ 
ject  was  escorted  to  the  immersion  tank  to  begin  the 
Pre-OCC  stage  of  the  water  immersion  protocol.  Each 
subject  sat  immersed  to  the  first  thoracic  vertebrae  with 
limbs  separated  and  extended  on  a  specially  designed 
chair  constructed  of  PVC  tubing.  Water  temperature  of 
the  tank  was  maintained  at  20°  (±0.1°C)  via  a  commer¬ 
cially  available  chiller  (Bath  Cooler  PBC-2II,  NESLAB 
Instrument  Company,  Newington,  NH).  After  40  min, 
or  when  Te$  reached  36.5°C,  the  OCC  stage  was  initi¬ 
ated.  BP  cuffs  around  the  right  arm  and  left  leg  were 
inflated  to  180  and  220  mmHg,  respectively  (18,19). 
After  10  min  of  blood  occlusion,  the  cuffs  were  released 
and  the  subject  remained  in  the  tank  for  10  min  (Post- 
OCC)  or  until  a  Tes  of  35°C.  On  release  of  the  cuffs.  Tea 
decreases  resulting  from  the  return  of  the  cooled  ex¬ 
tremity  blood  to  the  core  region  and  HP  concomitantly 
increases.  The  slope  of  the  stimulus  (decrease  in  Tes)- 
response  (increase  in  HP)  relationship  during  the  Post- 
OCC  phase  was  used  to  define  thermosensitivity  (0,  W 
•  kg  •  °C  *).  Following  the  Post-OCC  stage,  subjects 
were  removed  from  the  immersion  tank  and  escorted  to 
a  warm  shower  for  rewarming. 

Blood  Analyses 

Venous  blood  samples  were  centrifuged  for  10  min  at 
3000  rpm  (EEC  Centra-7R,  International  Equipment 
Company,  Needham  Heights,  MA)  after  which  the  se¬ 
rum  was  removed  and  frozen  at  -70°C  for  later  anal¬ 
ysis.  Phase  of  the  menstrual  cycle  was  confirmed  by 
measuring  serum  E2  and  P4  (Table  II).  Both  steroids 
were  analyzed  without  extraction  using  a  radioimmu¬ 
noassay  kit  (Coat-A-Count,  Diagnostic  Products  Corpo¬ 
ration,  Los  Angeles,  CA).  All  analyses  for  each  steroid 
were  determined  in  a  single  assay  with  an  average 
coefficient  of  variation  of  5.88%.  Assays  were  highly 
specific,  with  no  clinically  significant  cross-reaction  to 
other  steroids  or  therapeutic  drugs  that  may  be  present 
in  subject  samples. 
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Statistical  Analyses 

Data  were  evaluated  for  differences  between  men¬ 
strual  phase,  gender,  and  across  time  using  analysis  of 
variance  (ANOVA)  procedures.  A  two-way  (phase  X 
time;  2X4)  ANOVA  with  repeated  measures  on  both 
factors  was  used  to  compare  the  responses  during  the 
menstrual  phases.  If  no  significant  differences  were 
present  between  menstrual  phases,  the  menstrual  phase 
data  was  pooled  into  one  data  set  to  be  representative  of 
the  female  responses  and  a  two-way  (gender  X  time, 
2X4)  ANOVA  with  repeated  measures  on  the  time 
factor  was  used  to  analyze  gender  differences.  If  there 
was  a  significant  difference  between  menstrual  phases, 
a  two-way  (male,  FOL,  LUT  vs.  time,  3X4)  ANOVA 
with  repeated  measures  on  the  time  factor  was  used  to 
determine  gender  differences.  Significance  was  set  a 
priori  at  p  <  0.05.  When  significance  was  observed,  a 
Tukey  post-hoc  test  was  used  to  examine  specific  con¬ 
trasts.  A  priori  contrasts  on  the  physiological  responses 
at  baseline  were  compared  using  a  Tukey  post-hoc  test. 
All  values  are  expressed  as  means  (M)  ±  standard 
deviations  (SD).  Iff  was  analyzed  and  is  expressed  as 
W  •  kg-1  and  W  •  m~2  and  0  was  analyzed  and  is 
reported  as  both  W  •  kg-1  •  °C_1  and  W  •  m-2  •  °C_1. 
Both  units  of  measurement  are  presented  so  as  to  make 
comparisons  with  the  available  experimental  literature. 
Lastly,  due  to  the  unequal  group  sizes,  Levene's  Test  for 
Equality  of  Variances  was  used  to  determine  whether 
group  variances  were  unequal.  If  the  groups  exhibited 
different  variances,  an  adjusted  p-value  was  used. 

RESULTS 

Physiological  Responses  During  Baseline 

HP  was  not  significantly  different  between  the  FOL 
and  LUT  phase  of  the  menstrual  cycle  whether  ex¬ 
pressed  relative  to  body  weight  or  Ad.  However,  males 
exhibited  a  significantly  greater  HP  when  compared 
with  females  when  HP  was  expressed  relative  to  Ad 
(53.42  ±  7.87  and  46.95  ±  6.18  W  •  m2,  respectively). 
There  was  no  significant  difference  in  HP  between 
males  and  females  when  HP  was  expressed  relative  to 
body  weight. 

There  were  no  significant  differences  observed  in  T« 
between  the  FOL  and  LUT  phases  of  the  menstrual 
cycle  or  between  males  and  females. 

Tsk  was  significantly  higher  in  the  LUT  phase  com¬ 
pared  with  the  FOL  phase  of  the  menstrual  cycle 
(32.1  ±  0.9  and  31.4  ±  0.6°C,  respectively).  However,  no 
significant  difference  in  T»k  was  observed  between 
males  and  females  irrespective  of  the  menstrual  phase. 

Physiological  Responses  During  Cold  Water  Immersions 

Heat  production  (HP):  HP  did  not  demonstrate  a  main 
effect  for  menstrual  cycle  phase  (FOL  vs.  LUT),  thus,  an 
ANOVA  was  performed  comparing  gender  (males  vs. 
females  pooling  cycle  phase  as  one  group)  which  dem¬ 
onstrated  a  significant  main  effect  for  gender  (p  =  0.05) 
when  expressing  HP  in  terms  of  W  •  m-2  (Fig.  1). 
However,  when  HP  was  expressed  in  W  •  kg-1  there 
was  no  main  effect  for  gender  demonstrated  (p  =  0.16). 
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Fig.  1 .  Comparison  of  values  for  heat  production  (M  ±  SD):  males  vs. 
females,  *  p  <  0.05. 

A  significant  main  effect  for  time  (p  =  0.001)  was  ob- 
served  (when  HP  was  expressed  in  either  W  •  kg-1  or  W 
•  m-2)  whereby  HP  exhibited  a  characteristic  elevation 
during  the  onset  of  immersion  followed  by  a  slight 
decrease  or  plateau  during  the  Pre-OCC  and  OCC 
stages  and  then  an  increase  during  the  Post-OCC  stage 
(Fig.  2).  Specifically,  post-hoc  analysis  revealed  signifi¬ 
cant  differences  between  all  time  periods  except  for 
Pre-OCC  and  OCC  (Table  III).  During  the  Post-OCC 
stage,  increased  bursts  of  shivering  were  observed. 

Esophageal  temperature  (T«):  T»  did  not  demonstrate  a 
main  effect  for  menstrual  cycle  phase  (FOL  vs.  LUT, 
p  =  0.29),  thus,  an  ANOVA  was  performed  comparing 
gender  (males  vs.  females  pooling  cycle  phase  as  one 
group).  This  analysis  also  revealed  no  significant  differ¬ 
ence  (p  =  0.82)  between  gender.  However,  as  expected. 


a  significant  main  effect  for  time  was  observed  (p  = 
0.001)  (Fig.  3).  Post-hoc  testing  revealed  significant  dif¬ 
ferences  between  all  time  periods  except  for  BASE  and 
Pre-OCC  (Table  HI).  Additionally,  there  was  no  signif¬ 
icant  group  X  time  interaction  demonstrated. 

Mean  skin  temperature  (T*):  T*k  (pooled  across  time 
and  group)  demonstrated  a  main  effect  for  menstrual 
cycle  phase;  Tsk-FOL  was  lower  (p  =  0.04)  than  T*-LUT 
(Fig.  4).  However,  there  was  no  significant  difference  in 
T»k  observed  when  males  were  compared  with  females 
in  either  phase  of  the  menstrual  cycle  (p  =  0.18).  Fig.  5 
displays  the  response  in  Tak  over  time.  As  expected,  a 
significant  main  effect  for  time  (p  =  0.001)  was  ob¬ 
served  and  subsequent  post-hoc  testing  revealed  that 
the  main  effect  may  be  attributed  to  the  difference 
between  the  BASE  and  the  other  time  periods  as  Tsk 
remained  unchanged  once  the  cold  water  immersion 
began  (Table  HI). 

Central  thermosensitivity  (/3):The  relationship  between 
the  decrease  in  T«  and  increase  in  HP  following  the 
release  of  occlusion  and  subsequent  recirculation  of  the 
cooled  extremity  blood  is  depicted  for  all  subjects  in 
Fig.  6.  All  values  for  £  are  given  as  absolutes.  Although 
there  is  no  significant  main  effect  for  group,  ft  was 
lower  in  the  FOL  phase  than  the  LUT  phase  (2.76  ±  1.30 
and  3.05  ±  1.75  W  ■  kg-1  •  °C_1,  or,  expressed  relative  to 
body  surface  area,  74.47  ±  36.46  and  98.94  ±  53.24,  W  • 
m-2.oC-i,  respectively)  which  was  also  lower  than  the 
value  of  /3  found  in  the  males  (3.23  ±  1.72  W  •  kg  1  • 
°<r 1  or  115.0  ±  67.0  W  •  m“2  •  °C~1). 

DISCUSSION 

In  the  present  study,  thermal  and  metabolic  re¬ 
sponses  were  evaluated  during  immersion  in  20°C  wa¬ 
ter  following  the  alteration  in  blood  circulation  (by 


sure  cuff  occlusion  (Post-OCQ  of  the  and  T[me  (min) 

extremity  blood  flow. 
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TABLE  HI.  ESOPHAGEAL  TEMPERATURE  (Tes),  MEAN  SKIN  TEMPERATURE  (Tsk),  AND  HEAT  PRODUCTION  (HP) 

ACROSS  TIME  (M  ±  SD). 


Stage 

Tes  (°C) 

Tsk  (°C) 

HP  (W  * 

m-*) 

FOL 

LUT 

Male 

Total 

FOL 

LUT 

Male 

Total 

FOL 

LUT 

Male 

Total 

36.9 

37.0 

37.0 

37.0 

31.4 

32.1 

31.7 

31.7 

47.1 

46.8 

53.4 

49  8 

BASE 

±0.2 

±0.3 

±  0.2 

±0.2 

±0.6 

±0.9 

±  0.8 

±0.8 

±8.2 

±  4.9 

+  7.9 

+  7.8 

36.9 

37.0 

36.9 

36.9 

21.6 

22.1 

22.0 

21.9 

78.3 

78.4 

105.6 

90.5 

PRE-OCC 

±0.3 

±0.3 

±0.2 

±0.3 

±0.8 

±0.6 

±  1.0 

±0.8 

±28.8 

±27.9 

±35.5 

±  33.8 

36.7 

36.7 

36.7 

36.7 

21.4 

21.9 

21.6 

21.6 

77.6 

77.9 

100.3 

87.8 

OCC 

±  0.4 

±0.4 

±0.2 

±0.3 

±0.7 

±0.7 

±0.9 

±0.8 

±26.2 

±32.0 

±29.4 

±  30.7 

36.4 

36.4 

36.3 

36.4 

21.5 

21.7 

21.5 

21.6 

108.4 

117.3 

139.9 

124.8 

POST-OCC 

±0.4 

±0.5 

±0.3 

±0.3 

±0.9 

±0.5 

±0.9 

±0.8 

±31.7 

±  38.4 

±42.2 

±40.0 

FOL,  Follicular;  LUT,  Luteal;  BASE,  Baseline;  PRE-OCC,  Pre-occlusion;  OCC,  occlusion;  POST-OCC,  post-occlusion. 


pressure  cuff  occlusion).  The  experimental  manipula¬ 
tion  of  Tes  by  pressure  cuff  occlusion  and  the  subse¬ 
quent  release  of  the  cooled  trapped  extremity  blood, 
resulted  in  an  increase  in  shivering  thermogenesis  and 
a  reduction  in  Tes.  This  has  been  reported  previously 
(18,19).  In  addition,  the  slope  of  the  Tes-HP  relationship 
during  the  dynamic  post-occlusion  phase  that  defines 
central  thermosensitivity  did  not  significantly  differ  by 
gender  or  menstrual  cycle  phase.  This  lack  of  significant 
difference  may  be  explained  by  the  large  variability  in 
the  data,  indicating  that  there  is  a  large  amount  of 
inter-individual  variation  in  thermosensitivity.  The 
variability  in  thermosensitivity  was  similar  to  that  ob¬ 
served  in  previous  studies  (18).  This  study  extends  the 
work  of  Mittleman  and  Mekjavic  (18,19)  using  a  sample 
of  males  and  females,  as  well  as  making  comparisons 
between  menstrual  cycle  phase  in  an  effort  to  discern  if 
gender  and  menstrual  cycle  phase  contribute  to  ther¬ 
mosensitivity  as  others  (7,8,14)  have  proposed.  Values 
for  centred  thermosensitivity  in  the  present  investiga¬ 


tion  were  similar  to  those  previously  reported  by 
Mittleman  et  al.  (20)  (males:  4.45  ±  0.55  W  •  kg  _1  •  °C  , 
females-FOL:  3.38  W  •  kg  _1  *  °C~1;  females-LUT:  4.26  ± 
0.56  W  •  kg  1  •  °C-1).  Furthermore,  these  data  did  not 
demonstrate  a  significant  differential  response  between 
gender  or  menstrual  cycle  phase. 

Although  the  present  investigation  did  find  a  differ¬ 
ence  between  T*  during  the  FOL  and  the  LUT  phase, 
this  differential  response  was  unaccompanied  by  differ¬ 
ences  in  Tes,  HP  and  8-  This  finding  is  consistent  with 
others  that  have  reported  that  Tsk  is  higher  in  the  LUT 
compared  with  the  FOL  phase  (9,12,25)  of  the  menstrual 
cycle.  Overall,  HP  was  higher  in  males  compared  with 
females  which  is  consistent  with  others  (14).  Since 
women  generally  possess  greater  levels  of  total  body  fat 
and  thicker  layers  of  subcutaneous  fat  than  males  for 
any  particular  body  composition,  it  is  not  surprising 
that  females  should  be  better  able  to  maintain  core 
temperature  with  an  attenuated  metabolic  rate  com- 


Fig.  3.  Mean  values  for  esophageal 
temperature  (M  ±  SD)  during  baseline 
(BASE),  prior  to  (Pre-OCC),  during  oc¬ 
clusion  (OCC),  and  following  the  pres¬ 
sure  cuff  occlusion  (Post-OCC)  of  the 
extremity  blood  flow. 
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Fig.  4.  Comparison  of  values  for  mean  skin  temperature  (M  ±  SD) 
follicular  vs.  luteal  phase,  *  p  <  0.05. 

pared  with  their  male  counterparts  during  acute  cold 
exposure. 

Gonzalez  and  Blanchard  (7)  concluded  that  endoge¬ 
nous  hormonal  levels  vary  between  menstrual  cycle 
phase  and  must  be  considered  in  quantifying  thermo¬ 
regulatory  responses  in  women  during  cold  stress. 
However,  they  (7)  evaluated  six  clothed  women  in  each 
of  two  ensembles  with  different  thermal  resistances 
during  both  the  luteal  and  follicular  menstrual  cycle 
phases.  In  all  conditions  the  subjects  wore  light-duty 
work  gloves  with  a  woolen  inserts,  as  well  as  standard- 
issue  military  army  boots  and  socks.  In  any  case,  the 
subjects  were  all  clothed,  not  semi-nude,  and  were  cold 
exposed  to  air  temperature  transients  after  a  baseline 
period  (15  min  in  20°C  air).  Therefore,  it  is  perhaps  the 
environmental  medium,  (i.e.,  cold  air  vs.  cold  water). 


coupled  with  the  exposure  to  cold  air  transients  as 
opposed  to  cold  water  immersion  for  a  more  protracted 
period  of  time  as  well  as  the  clothing  ensembles  that 
provided  an  additional  and  varying  type  of  insuiative 
component  that  may  have  contributed  to  the  differences 
in  the  experimental  findings.  In  addition,  the  protocol 
employed  in  the  present  investigation  evaluates  the 
thermogenic  response  of  individuals  with  similar  com¬ 
binations  of  core  and  peripheral  inputs  during  acute 
cold  water  immersion.  Gonzalez  and  Blanchard  (7)  sug¬ 
gest  that  as  long  as  Tes  remains  near  thermoneutral 
levels,  the  summed  effect  of  shivering  thermogenesis  is 
highly  correlated  with  a  combined  effect  of  Tsk  and 
temperature  of  the  cold  acral  area.  Since  the  present 
investigation  did  not  attempt  to  maintain  Tes  near  ther¬ 
moneutral  levels,  the  conclusions  reached  by  Gonzalez 
and  Blanchard  (7)  may  not  be  relevant  when  attempting 
to  make  comparisons  to  the  present  investigation.  One 
of  the  major  differences  between  the  present  investiga¬ 
tion  and  that  of  Gonzalez  and  Blanchard  (7)  is  the  core 
and  peripheral  inputs.  The  present  investigation  at¬ 
tempted  to  provide  similar  inputs  by  clamping  skin  to 
water  temperature  and  providing  a  similar  thermal 
strain  at  either  40  min  of  exposure  or  until  Tes  declined 
to  36.5°C.  In  doing  so,  the  present  investigation  dem¬ 
onstrated  a  selective  manipulation  of  Tes  at  a  constant 
Tsk.  Gonzalez  and  Blanchard  (7)  suggest  that  there  is 
extensive  interaction  (and  possible  competition)  be¬ 
tween  thermal  inputs  from  skin  and  deep  body  recep¬ 
tors  that  probably  temper  the  final  shivering  response 
in  women  as  a  function  of  the  menstrual  cycle.  Thus,  the 
present  investigation  differs  from  the  Gonzalez  and 
Blanchard  (7)  study  in  that  the  core  and  peripheral 
inputs,  and  thereby  the  thermal  strain,  differed.  Hesse- 
mer  and  Bruck  (9)  also  evaluated  external  heat  and  cold 


fig*  5.  Mean  values  for  mean  skin 
temperature  {M  ±  SD)  during  baseline 
(BASE),  prior  to  (Pre-OCC),  during  oc¬ 
clusion  (OCC),  and  following  the  pres¬ 
sure  cuff  occlusion  (Post-OCC)  of  the 
extremity  blood  flow. 
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8*x  and  H*n«tru»t  Phis* 

Fig.  6.  Comparison  of  values  for  thermosensitivity  (M  ±  SD)  between 
females  during  the  follicular  phase  (Female-FOL),  females  during  the 
luteal  phase  (Female-LUT)  and  males  (Male). 

exposures  in  10  women  in  the  middle  of  LUT  phase  and 
in  the  early  FOL  phase  of  the  menstrual  cycle.  At  neu¬ 
tral  ambient  temperature,  Tes  averaged  0.59°C  higher  in 
LUT  than  FOL.  The  thresholds  for  shivering,  chest 
sweating  and  cutaneous  vasodilation  at  the  thumb  and 
forearm  were  also  increased  in  LUT  by  an  average  of 
0.47°C,  and  were  related  to  mean  body  temperature. 
The  metabolic  rate,  arm  blood  flow,  and  HR  at  the 
thermoneutral  conditions  were  also  increased  in  LUT. 
According  to  the  authors  (9),  these  data  collected  in  hot 
and  cold  ambients  support  the  concept  of  a  central 
resetting  of  the  set  point  of  the  thermoregulatory  sys¬ 
tem  in  die  LUT  phase.  Differences  in  the  cold  medium 
(air  vs.  water),  as  well  as  differences  in  the  thermal 
drive  (absolute  and  rates  of  change  in  core  and  skin 
temperatures),  may  contribute  to  these  equivocal  re¬ 
sults. 

Tikuisis  (27,28,29)  and  Stolwijk  and  Hardy  (24)  have 
shown  that  shivering  thermogenesis  is  closely  linked  to 
thermal  signals  from  the  body  core  and  Tsk  sites  and 
heavily  influenced  by  percent  body  fat.  The  peripheral 
signal  in  the  present  investigation  as  measured  via  Tsk 
may  have  differed  (FOL  vs.  LUT)  in  the  present  inves¬ 
tigation  (Fig.  5),  however,  Tes  did  not  differ  and  was 
maintained  via  an  attenuated  HP  for  the  females  com¬ 
pared  with  the  males.  This  relationship  is  consistent 
with  the  literature  as  HP  is  typically  higher  in  leaner 
individuals  than  in  counterparts  with  more  fat  (4)  and  is 
typically  higher  in  males  than  females  (13,30)  in  an 
attempt  to  maintain  core  temperature. 

However,  because  the  central  measure  of  thermosen¬ 
sitivity  produces  similar  thermal  stressors  for  individ¬ 
uals  that  may  differ  morphologically  (i.e.,  males  and 
females),  and  evaluates  the  relationship  of  the  decline  in 
Tes  to  a  controlled  elevation  in  HP,  the  relative  involve¬ 
ment  of  body  composition  is  not  a  determinant  (16). 
Since  the  present  investigation  found  that  Tsk  did  not 
differ  between  males  and  females,  but  rather  only  dif¬ 
fered  when  the  data  was  pooled  across  FOL  vs.  LUT 
phases,  the  thermal  stressor  between  gender  (i.e., 
groups  that  differ  morphologically)  was  similar.  Thus, 
for  a  similar  thermal  stressor,  the  variable  /3,  a  marker  of 
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change  in  HP  which  relates  to  the  change  in  T«,  has 
been  shown  not  to  differ  between  males  and  females  or 
between  menstrual  cycle  phase. 

Further,  it  is  likely  that  the  thermal  strain  may  ac¬ 
count  for  differences  between  experimental  findings 
and  possibly  may  have  masked  any  thermogenic  re¬ 
sponse  between  die  FOL  vs.  the  LUT  menstrual  phase 
or  even  between  gender.  Since  conductive  heat  loss  in 
water  is  25  times  greater  than  in  air,  body  heat  is  lost 
two  to  four  times  as  fast  in  cool  water  as  in  air  at  the 
same  temperature  (25).  However,  the  lack  of  significant 
difference  in  Tes,  and  )3  between  the  males  and  females, 
as  well  as  during  the  FOL  vs.  the  LUT  phases,  is  in 
partial  agreement  with  Anderson  et  al.  (1)  when  report¬ 
ing  that  men  and  women  respond  to  deviations  in  core 
temperature  in  a  similar  manner. 

Based  on  the  present  findings,  more  work  is  needed 
to  discern  if  the  measure  of  thermosensitivity  relates  to 
prediction  times  of  survival  during  acute  cold  exposure. 
Inclusion  of  individual  thermosensitivity  of  HP  has 
been  proposed  to  improve  the  prediction  of  the  meta¬ 
bolic  response  to  cold  (23-25).  Tikuisis  (27,28)  incorpo¬ 
rated  body  composition  as  well  as  individual  set  point 
values  to  enhance  the  prediction  of  physiological  re¬ 
sponses  during  cold  water  immersion  as  well  as  to 
predict  survival  time  during  cold  exposure.  Therefore, 
subsequent  work  may  consider  evaluating  the  individ¬ 
ual  thermosensitivity  between  genders  and  between  the 
menstrual  cycle  in  the  prediction  of  cold  responses  and 
survival.  Additionally,  perhaps  the  evaluation  of  sub¬ 
strate  utilization,  which  may  possibly  differ  between 
gender,  and  the  possible  interplay  of  potential  gender 
based  differences  in  catecholamines  and  other  biochem¬ 
istries,  may  further  our  understanding  of  gender  and 
menstrual  phase  differences  in  thermoregulation. 

The  determination  of  central  thermosensitivity  al¬ 
lows  for  the  assessment  of  group  differences  (males  vs. 
females;  FOL  vs.  LUT)  in  the  physiological  responses  to 
a  decrease  in  core  temperature  regardless  of  the  anthro- 
pometrical  or  morphological  differences  usually  ex¬ 
pected  between  these  groups  (males  vs.  females). 
Therefore,  the  determination  of  central  thermosensitiv¬ 
ity  may  reveal  whether  or  not  a  certain  group  of  indi¬ 
viduals  is  at  a  marked  disadvantage  during  cold  expo¬ 
sure.  If  a  marked  disadvantage  is  observed,  this 
information  could  lead  to  alterations  in  acceptable  ex¬ 
posure  time,  equipment/insulation  needs,  and  in  gen¬ 
eral  guidelines  set  forth  to  protect  the  individual  from 
cold  related  injuries. 

In  conclusion,  these  data  suggest  that  the  thermosen¬ 
sitivity  of  HP  during  cold  water  immersion  is  similar 
between  males  and  females  and  is  not  influenced  by 
menstrual  cycle  phase. 
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Glickman-Weiss  EL,  Cheatham  CC,  Caine  N,  Blegen  M,  Marcinkiewicz  J.  Influence  of  gender  and  menstrual  cycle  on 
a  cold  air  tolerance  test  and  its  relationship  to  thermosensitivity.  Undersea  Hyper  Med  2000;  27(2):75-81. — This 
investigation  evaluated  the  influence  of  gender  and  phase  of  menstrual  cycle  [follicular  (FOL):  Days  2-6)  and  luteal  (LUT: 
Days  19-24)]  on  a  cold  air  tolerance  test  (C  AIT:  90-min  of exposure  to5°Cair)in8females(22.7±3.0yr)and  1 5  males 
(22.3  ±  2.9  yr).  In  addition,  central  thermosensitivity  (B;  W  •  kg'  •  °C‘)  [i.e.,  the  slope  of  the  relationship  between  the 
decrease  in  esophageal  temperature  (T„)  and  the  increase  in  heat  production  (HP)] ,  gathered  during  a  separate  water  trial 
in20°C  water,  was  correlated  to  the  change  (A)  in  T„  and  HP  across  the  90  min  of  resting  exposure  during  the  CATT. 
Analysis  of  variance  revealed  no  significant  differences  between  phase  of  menstrual  cycle  or  gender  for  HP,  mean  skin 
temperature  (T*),  and  insulation;  however,  a  main  effect  for  time  for  these  parameters  was  demonstrated.  Despite  these 
similarities,  T„  differed  (P  <  0.05)  between  males  and  females.  Additionally,  no  relationship  was  found  between  p  and 
AHP  and  AT„  in  the  males  and  females.  Also,  there  was  no  relationship  between  p  and  thermoregulation  during  the 
CATT  in  these  subjects.  These  data  suggest  that  menstrual  cycle  phase  did  not  cause  a  differential  response  in  T„,  T^, 
and  HP  during  a  CATT.  Furthermore,  women  maintained  a  higher  T„  than  men  during  the  CATT  despite  similarities  in 
HP  andTj.. 

gender  differences,  thermoregulation,  core  temperature,  metabolism,  heat  production 


It  is  well  established  that  a  variety  of  factors  may  influence 
the  individual’s  ability  to  regulate  to  the  stressor  of  cold, 
which  may  lead  to  gender  differences  in  thermoregulation. 
McArdle  and  colleagues  (I)  suggest  that  the  differences  in 
thermoregulation  between  males  and  females  during  cold 
stress  may  be  due  to  the  sensitivity  of  the  thermogenic 
response.  They  (I)  reported  that  females  exhibited  an  attenu¬ 
ated  increase  in  heat  production  (HP)  (with  a  declining  rectal 
temperature)  compared  with  men  during  resting  cold  water 
immersion.  Therefore,  it  is  believed  that  the  evaluation  of 
thermosensitivity  (P)  between  gender  and  over  menstrual 
cycle  may  provide  important  information  regarding  cold 
responsiveness.  Furthermore,  the  determination  of 
thermoresponsiveness  or  thermosensitivity’s  relationship  to 
the  physiologic  responses  demonstrated  during  protracted 
cold  exposure  raiders  investigation. 

Gonzalez  and  Blanchard  (2)  and  Stephenson  and  Kolka 
(3)  report  that  a  linkage  exists  between  reproductive 
hormones  and  thermoregulation  in  women.  Core  tempera¬ 
ture  has  been  shown  to  be  approximately  0.4°C  higher  in 
the  luteal  (LUT)  phase  than  during  the  follicular  (FOL) 
phase  (4).  Thermoregulation  depends  on  the  balance 


between  heat  gained  via  HP  and  heat  lost  to  the  environ¬ 
ment.  Furthermore,  since  HP  is  influenced  by  size,  body 
composition  (5-7)  (i.e.,  training,  surface  area  to  body 
mass  ratio,  or  body  mass),  age  (1,3),  gender  (1,3,8), 
training  state  (3,7,8),  and  endocrine  function  (9),  the 
interplay  between  the  increase  in  HP  and  decline  in  core 
temperature  between  genders  remains  poorly  understood. 

Thermosensitivity  is  determined  by  the  selective  manipula¬ 
tion  of  esophageal  temperature  (Ta)  at  a  constant  skin 
temperature  (T*).  This  technique  is  unique  in  that  it  controls 
T*  by  immersion  in  water  and  enables  the  core  temperature 
to  be  manipulated  so  that  die  thermoresponsiveness  of  all 
subjects  is  evaluated  at  a  similar  rate  of  decline  in  core 
temperature.  The  similar  rate  of  decline  in  core  temperature 
is  accomplished  by  the  occlusion  of  extremity  blood  flow  for 
10  min  to  allow  limb  blood  to  cool  toward  the  temperature 
of  the  surrounding  tissues.  Upon  release  of  cuff  pressure,  the 
cooled,  trapped  blood  returns  to  the  core  region  initiating  a 
decrease  in  T^  with  a  concomitant  increase  in  HP.  The  slope 
of  this  Tej-HP  relationship  during  the  dynamic  post-occlu¬ 
sion  phase  is  defined  as  p  (10-12). 

The  purpose  of  this  investigation  was  to  determine  if 
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there  are  differences  in  thermal  and  metabolic  parameters 
between  gender  and  within  the  female  subjects  between 
menstrual  cycle  phase  during  prolonged  exposure  to  5  C 
air  (cold  air  tolerance  test:  CATT),  and  whether  the 
thermoresponsiveness  observed  during  a  controlled  thermal 
challenge  (20°C  water)  was  related  to  the  responses 
observed  during  a  5°C  air  exposure  trial  in  males  and 
females  18-30  yr  of  age. 

METHODS 

Subjects  and  design'.  Healthy,  active  Caucasian  males  (n 
=  15)  and  females  (n  =  8),  age  18-30  yr,  volunteered  to 
participate  in  the  study  (Table  1)  and  provided  informed 
consent.  The  Institutional  Review  Board  approved  all 
experimental  procedures  for  Human  Subjects  Research. 
Subjects  completed  the  cold  trials  between  April  and  mid- 
November  to  limit  the  potential  influence  of  natural  cold 
acclimatization  on  physiologic  responses  ( 13).  In  addition, 
all  trials  were  conducted  at  the  same  time  of  day  for  each 
subject.  Each  subject  reported  to  the  laboratory  on  sepa¬ 
rate  days  for  pre-experimental  testing,  a  CATT,  and  a  cold 
water  immersion  trial  (CWT).  Subjects  were  instructed  to 
refrain  from  eating,  physical  activity,  caffeine,  and  alcohol 
for  the  12  h  preceding  each  trial.  For  female  subjects,  the 
CATT  and  the  CWT  were  completed  in  both  the  FOL 
(Days  2-6)  and  LUT  (Days  19-24)  phases  of  the  men¬ 
strual  cycle.  The  females  were  not  using  oral  contracep¬ 
tives  and  were  eumenorrheic,  with  confirmation  of  FOL  or 
LUT  phase  of  the  menstrual  cycle  provided  by  assessment 
of  their  serum  estradiol  (E2)  and  progesterone  (P4)  values. 

Pre-experimental  testing :  During  the  first  visit  to  the 
laboratory,  anthropometric  variables  and  maximal  oxygen 
uptake  were  measured.  Height  and  weight  were 

measured  via  a  stadiometer  and  a  balance  beam  scale, 
respectively.  Skinfold  thickness  was  measured  using 
standardized  procedures,  and  percent  fat  was  derived  via 
body  density  using  gender  specific  equations  (14,15). 
Surface  area  (AD)  was  calculated  from  height  and  weight 
using  the  formula  of  Dubois  and  Dubois  (16).  Each 


subject  performed  a  maximal  exercise  test  on  a  magneti¬ 
cally  braked  cycle  ergometer  to  determine  Vo^.  The 
protocol  consisted  of  increasing  the  work  rate  in  a  pro¬ 
gressive  manner  until  volitional  exhaustion  was  achieved. 
The  test  began  at  60  W  for  males  and  40  W  for  females 
for  2  min  and  increased  20  W  •  min"1  thereafter.  Expired 
air  samples  were  collected  continuously  throughout  the 
maximal  exercise  test  and  analyzed  for  oxygen  and  carbon 
dioxide  concentrations  using  an  automated  open  circuit 
system  (MAX-1  CART,  Physio-Dyne  Instrument  Com¬ 
pany,  Quogue,  NY).  Heart  rate  was  recorded  every  30  s 
via  telemetry  (Polar  USA,  Port  Washington,  NY)  and  rate 
of  perceived  exertion  (RPE)  was  assessed  during  the  last 
10  s  of  each  exercise  stage.  Vo2mi»  was  determined  to  be 
the  average  of  the  two  greatest  30-s  Vo2  values  recorded 
during  the  test. 

Cold  air  tolerance  test :  The  CATT  consisted  of  a 
baseline  period  (BASE)  and  a  cold  air  exposure  period 
(AIR).  Subjects  were  dressed  only  in  shorts  (males)  or 
shorts  and  an  athletic  bra  (females). 

Before  the  beginning  of  BASE,  15  ml  of  blood  was 
drawn  from  an  antecubital  vein  for  the  assessment  of 
serum  Ej  and  P4  levels  in  female  subjects  only.  During 
BASE,  each  subject  sat  quietly  in  a  semi-recumbent 
position  on  a  lounge  chair  for  30  min  in  23°-26°C  air. 
Immediately  following  BASE,  each  subject  was  escorted 
to  the  environmental  chamber  to  begin  the  AIR  stage  of 
the  CATT.  Each  subject  sat  quietly  in  a  semi-recumbent 
position  on  a  lounge  chair  for  90  min  in  5°C  air. 

Throughout  the  entire  CATT,  Tra,  T*,  expired  air 
samples,  and  heart  rate  were  continuously  measured.  T„ 
was  measured  using  a  copper-constantan  thermocouple 
encased  in  an  infant  feeding  tube  (model  8888-260406, 
Sherwood  Medical,  St.  Louis,  MO).  Insertion  depth  to  the 
level  of  the  heart  was  determined  by  stature  (17)  with 
adjustments  to  obtain  the  highest  temperature  reading. 
Skin  temperature  was  evaluated  from  seven  sites  (head, 
triceps,  forearm,  chest,  thigh,  calf,  and  foot)  using  copper- 
constantan  thermocouples.  Mean  weighted  T*  was 


Table  1:  Subject  Characteristics,  M  ±  sd 


Variable 

Male,  n  =  15 

Female,  n-  8 

Age,  yr 

22.3  ±  2.9 

22.7  ±3.0 

Height,  cm 

177.8  ±  7.8 

166.7  ±  7.5" 

Weight,  kg 

Ac,  m2 

78.0  ±  11.8 

68.6  ±  13.5 

1.95  ±0.17 

1.75  ±0.19" 

Body  fat,  % 

10.9  ±2.9 

24.1  ±4.6" 

Vo^,  ml  •  kg  '  •  min-' 

46.4  ±  9.2 

37.5  ±  13.5 

aP  <  0.05,  males  vs.  females. 
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calculated  using  the  formula  of  Ramanathan  (18).  The 
esophageal  and  skin  temperature  thermocouples  were 
interfaced  to  a  datalogger  (Omega  OM-5 000  Data  Logger, 
Omega  Engineering,  Inc.,  Stamford,  CT)  and  values  were 
recorded  every  minute.  Expired  respiratory  air  samples 
were  collected  and  analyzed  every  min  and  used  to  calcu¬ 
late  HP  [W  •  m"2;  Derived  from:  [((3.9  x  Vo2)  +  (1.1  * 
Vco2))  x  60  x  1.163]/Ad]  (19).  Tissue  insulation,  a 
derived  measure  of  heat  loss,  was  calculated  according  to 
Veicsteinas  et  al.  (20)  as  insulation  (°C  •  m  2  •  W"1  )  = 
(T«-Tsk)  x  Ad/(0.92  HP  +  ATk  x  0.965  x  0.6  x  wt). 

Cold  water  immersion  trial.  The  water  immersion 
protocol  consisted  of  four  stages;  BASE,  pre-occlusion 
(Pre-OCC),  occlusion  (OCC),  and  post-occlusion  (Post- 
OCC).  Subjects  were  dressed  only  in  shorts  (males)  or 
shorts  and  an  athletic  bra  (females). 

The  CWT  entailed  the  occlusion  of  extremity  blood  flow 
using  blood  pressure  cuffs  for  10  min  to  allow  limb  blood 
to  cool  toward  the  temperature  of  the  surrounding  tissues. 
Upon  release  of  cuff  pressure,  the  cooled,  trapped  blood 
returns  to  the  core  region  initiating  a  decrease  in  Tes,  with 
a  concomitant  increase  in  HP.  The  slope  of  this  Tes-HP 
relationship  during  the  dynamic  Post-OCC  phase  is 
defined  as  p.  In  this  CWT  protocol  each  subject  is  im¬ 
mersed  to  the  first  thoracic  vertebrae  with  limbs  separated 
and  extended  on  a  specially  designed  chair  constructed  of 
PVC  tubing.  Water  temperature  of  the  tank  was  main¬ 
tained  at  20 °C  (±0.1  °C)  via  a  commercially  available 
chiller  (Bath  Cooler  PBC-2II,  NESLAB  Instrument 
Company,  Newington,  NH).  After  40  min,  or  when  Tra 
reached  36.5  °C,  the  OCC  stage  was  initiated.  Blood 
pressure  cuffs  around  the  right  arm  and  left  leg  were 
inflated  to  180  and  220  mmHg,  respectively  (11,12).  After 


10  min  of  blood  occlusion,  the  cuffs  were  released  and  the 
subject  remained  in  the  tank  for  10  min  for  (Post-OCC)  or 
until  a  T„  of  35  °C.  The  details  of  this  protocol  have  been 
previously  described  (10). 

Statistical  analyses :  Data  were  evaluated  for  differ¬ 
ences  between  menstrual  phase,  gender,  and  across  time 
using  analysis  of  variance  (ANOVA)  procedures.  A  two- 
way  (phase  x  time)  ANOVA  with  repeated  measures  on 
both  factors  was  used  to  compare  the  responses  during  the 
menstrual  phases.  If  no  differences  were  detected  between 
menstrual  phases,  the  female  data  were  averaged,  and  an 
ANOVA  with  repeated  measures  on  the  time  factor  was 
used  to  analyze  gender  differences  (gender  =  between, 
time  =  within  or  repeated).  Significance  was  set  a  priori  at 
P  <.  0.05.  When  significance  was  observed,  a  LSD  (least 
significant  difference)  post-hoc  test  was  used  to  examine 
specific  contrasts.  Changes  in  T„  and  HP  from  0  to  30, 
30-60,  and  60-90  min  of  the  CATT  were  correlated  to  P 
obtained  during  the  CWT  using  Pearson-Product  correla¬ 
tions.  All  values  are  expressed  as  means  (M)  ±  standard 
deviations  (SD). 

RESULTS 

Esophageal  temperature :  Figure  1  displays  the  re¬ 
sponse  in  Tra  over  time.  Tra  did  not  demonstrate  a  main 
effect  for  menstrual  cycle  phase  (FOL  vs.  LUT,  P  = 
0.838),  thus  an  ANOVA  was  performed  comparing 
gender  (males  vs.  females  averaging  cycle  phase  as  one 
group).  This  analysis  revealed  a  significant  difference 
between  genders  (P  =  0.024)  with  females  maintaining  a 
higher  Tra.  As  expected,  a  significant  main  effect  for  time 
(P  <  0.001)  was  observed.  Post-hoc  testing  revealed  that 
T«  was  significantly  elevated  at  5,  15,  30,  and  45  min  of 
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FIG.  1 — Response  in  T*  across  time  (M  ±  sd). 
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FIG.  2 — Response  in  mean  T*  across 
time  (M  ±  sd). 


AIR  when  compared  to  BASE  values.  However,  at  60, 
75,  and  90  min  of  AIR,  Tra  was  not  statistically  different 
from  BASE  values.  There  was  no  group  x  time  interaction 
demonstrated,  indicating  that  the  groups  changed  similarly 
over  time. 

Mean  skin  temperature:  Figure  2  displays  the  response 
in  Trover  time.  T^did  not  demonstrate  a  main  effect  for 
menstrual  cycle  phase  (FOL  vs.  LUT,  P  =  0.288),  thus  an 
ANOVA  was  performed  comparing  gender  (males  vs. 
females  averaging  cycle  phase  as  one  group).  This  analysis 
revealed  no  significant  difference  between  genders  (P  - 
0.714).  As  expected,  a  significant  main  effect  for  time  (P 
<_  0.001)  was  observed.  Post-hoc  testing  revealed  that 
Tskwas  significantly  different  between  all  time  points 
except  for  60  and  75  min  and  75  and  90  min.  Additionally, 
Tskdid  not  differ  between  the  first  and  second  BASE 


measurements  (i.e.,  T-15  and  T-30,  15  and  30  min  of 
BASE).  There  was  no  group  x  time  interaction  observed. 

Heat  production :  Figure  3  displays  the  response  in  HP 
over  time.  HP  did  not  demonstrate  a  main  effect  for 
menstrual  cycle  phase  (FOL  vs.  LUT,  P  =  0.  312),  thus 
an  ANOVA  was  performed  comparing  gender  (males  vs. 
females  averaging  cycle  phase  as  one  group).  This 
analysis  did  not  reveal  a  significant  difference  between 
genders  (P  =  0.190).  Again,  as  expected,  a  significant 
main  effect  for  time  (P  <  0.001)  was  observed.  Post-hoc 
testing  revealed  that  HP  was  significantly  elevated  at  all 
time  points  during  AIR  compared  to  BASE.  Additionally, 
HP  did  not  differ  between  the  first  and  second  BASE 
measurements  (i.e.,  T-15  and  T-30,  15  and  30  min  of 
BASE).  There  was  no  group  x  time  interaction  demon¬ 
strated. 


FIG.  3 — Response  in  HP  across  time  (M  ±  sd). 
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FIG.  4 — Insulation  for  selected  time 
ranges  (M  ±  so). 


Tissue  insulation'.  Figure  4  displays  the  response  in 
insulation  from  0  tol5, 1 5-30,  30-45, 45-60, 60-75,  and 
75-90  min.  Insulation  did  not  demonstrate  a  main  effect 
for  menstrual  cycle  phase  (FOL  vs.  LUT,  P  =  0.776),  thus 
an  ANOVA  was  performed  comparing  gender  (males  vs. 
females  averaging  cycle  phase  as  one  group) .  This  analysis 
did  not  reveal  a  significant  difference  between  genders  (P 
=  0.218;  Fig.  4).  A  significant  main  effect  for  time  (P  = 
0.018)  was  observed.  Post-hoc  testing  revealed  significant 
differences  between  15-30  and  75-90,  30-  45  and  45-60 
and  75-90,  and  60-75  and  75-90  min.  Additionally, 
insulation  did  not  differ  between  the  first  and  second 
BASE  measurements  (i.e.,  T-15  and  T-30, 15  and  30  min 
of  BASE).  No  group  x  time  interaction  was  demonstrated. 

Thermosensitivity  and  AT,,  and  AHP.  Table  2  displays 
the  correlation  coefficients  between  AT„  and  AHP  from 
0-30, 30-60,  and  60-90  min  of  the  CATT  and  f)  obtained 
during  a  CWT.  No  significant  correlations  were  observed 
between  P  and  the  changes  in  T„  and  HP  for  the  selected 
time  ranges. 

DISCUSSION 

The  purpose  of  this  investigation  was  to  determine 
whether  menstrual  cycle  phase  and  gender  influence  the 
individual’s  ability  to  regulate  to  the  stressor  of  cold  air 
(5  C  for  90  min)  and  to  discern  whether  P  observed  during 
a  controlled  thermal  challenge  in  20  °C  water  was  related 
to  the  responses  demonstrated  during  the  CATT.  The 
importance  of  menstrual  cycle  phase  in  assessing  the 
thermoregulation  and  thermoresponsiveness  in  females 
renders  investigation. 

Rennie  and  colleagues  (2 1 )  suggest  that  the  difference  in 


temperature  regulation  (i.e.,  the  significantly  higher  Tra  in 
females  compared  to  males)  may  not  be  due  to  the  dispar¬ 
ity  in  inherent  gender  differences  in  overall  tissue  insula¬ 
tion  other  than  what  could  be  attributed  to  the  inherent 
differences  in  subcutaneous  fat  (1,21).  Additionally, 
Cunningham  (8)  demonstrated  that  the  thermoregulatory 
system  of  females  operates  at  a  higher  core  temperature 
than  males.  This  observation  is  in  agreement  with  the  core 
temperature  data  in  the  present  investigation,  whereby 
women  started  the  experimental  trials  at  a  high  T*,  and 
maintained  a  higher  Tt,  throughout  the  experimental  trial. 
In  contrast  to  other  studies  (1,3,4),  the  present  investiga¬ 
tion  did  not  find  differences  in  T„  over  time  between  the 
FOL  vs.  LUT  phases.  It  is  possible  that  the  lack  of  core 
temperature  differences  between  FOL  and  LUT  demon¬ 
strated  in  females  was  masked  by  the  stressor  imposed  by 
exposure  to  the  cold. 

Since  there  was  a  significant  difference  in  TM  between 
males  and  females  in  the  present  study,  it  would  be 
reasonable  to  assume  that  the  capacity  to  maintain  Tc,  is 
primarily  a  function  of  the  different  insulative  responses 
between  males  and  females.  The  calculated  insulation 
values  in  the  present  investigation  do  not  demonstrate  a 
gender  difference,  although  it  is  apparent  that  the  groups 
did  differ  in  overall  percent  body  fat  (i.e.,  men  =  10% 
body  fat  vs.  women  =  25%  body  fat)  and  thereby  overall 
tissue  insulation.  This  lack  of  significant  difference  in  the 
calculated  value  for  tissue  insulation  (despite  an  obvious 
difference  in  percent  body  fat),  may  be  due  to  the  indirect 
measure  of  tissue  insulation  utilized  in  the  present  investi¬ 
gation,  which  is  not  a  direct  measurement  of  heat  loss  via 
heat  flow  disks  but  rather  a  derived  measure  and  indirect 
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Table  2:  Correlatioon  coefficients  and  Level  of  Significance  for  the  Relationship  Between  P  and  AT„  and  AHP 


AT* 

AHP 

Variable/Time 

0-30 

30-60 

60-90 

0-30 

30-60 

60-90 

P,W-kg-'-  °C-‘ 

-0.260 

P- 0.173 

0.086 

P  =  0.658 

0.328 

P  =  0.102 

0.1998 

P  =  0.303 

0.019 

P  =  0.925 

0.167 

P  =  0.446 

estimate  of  actual  insulation.  The  lack  of  difference  in 
insulation  between  males  and  females  may  lead  one  to 
question  the  estimate  of  insulation  as  being  a  valid  mea¬ 
surement. 

During  acute  cold  exposure  to  hypothermic  conditions, 
heat  is  transferred  down  the  thermal  gradient  from  core  to 
skin  across  active  and  passive  resistance  (22).  The  active 
component  or  vasomotor  response  may  play  more  of  a  role 
for  the  leaner  male  individuals,  whereas  the  passive 
resistance  insulative  layer  offered  by  subcutaneous  adipose 
tissue  (23)  may  play  more  of  a  role  in  the  higher-  percent- 
fat  female  subjects.  While  both  of  these  components 
contribute  to  the  individual’s  ability  to  regulate  to  the 
stressor  of  cold,  the  magnitude  that  the  active  and  the 
passive  resistances  play  may  differ  between  males  and 
females  in  their  relative  contribution  to  the  maintenance  of 
core  temperature.  Clearly,  since  the  insulative  layer  offered 
by  the  females  in  the  present  study  differed  from  their  male 
counterparts,  the  passive  resistance  in  this  study  may  have 
aided  the  females  in  the  maintenance  of  a  higher  Tes 
throughout  the  cold  trial.  Therefore,  the  lack  of  difference 
in  HP  depite  differences  in  T„  may  be  explained  by  the 
greater  vasomotor  response  or  active  resistance  in  the 
males  and  a  greater  passive  resistance  in  the  females,  both 
of  which  contribute  to  the  thermal  gradient  and  the  ability 
to  maintain  Tra. 

From  the  present  data,  it  appears  that  P  evaluated  during 
cold  water  immersion  does  not  relate  to  the  change  in 
selected  thermal  and  metabolic  parameters  during  a  cold 
air  challenge.  This  lack  of  difference  may  be  related  to 
differences  in  the  thermal  stressor  (cold  air  vs.  cold  water) 
and  thereby  differing  magnitudes  of  thermal  strain  and 
responsiveness  (i.e.,  heat  loss  via  thermal  conductivity), 
morphologic  differences  between  the  subjects  (during  the 
CATT),  as  well  as  variability  in  the  experimental  data. 

The  measure  of  p  (11,12)  did  not  differ  between  gender 
or  menstrual  cycle  phase.  This  lack  of  significant  differ¬ 
ence  may  be  explained  by  the  large  variability  in  the  data, 
indicating  a  large  amount  of  inter-individual  variation  in  P . 
Therefore,  it  is  difficult  to  attempt  relationships  between 
these  data. 

Additionally,  a  limitation  of  the  present  investigation  is 


the  small  sample  size  and,  therefore,  the  reduced  statisti¬ 
cal  power  inherent  in  this  study.  However,  the  majority  of 
the  environmental/hypothermia  literature  does  involve 
very  small  sample  sizes;  therefore,  the  statistical  power  of 
those  investigations  must  be  considered  as  well  as  the 
difficulty  in  obtaining  subjects  to  volunteer  to  participate 
in  this  area  of  research.  However,  despite  the  low  statisti¬ 
cal  power  of  this  investigation,  statistical  significance  was 
found  for  several  dependent  variables. 

The  role  of  surface  area-to-mass  ratio  in  human  temper¬ 
ature  regulation  suggests  that  in  cold  conditions,  the 
greater  the  total  body  mass,  the  greater  the  thermoregula¬ 
tory  benefit  due  to  enhanced  tissue  insulation  and  HP. 
However,  since  heat  transfer  occurs  from  the  body 
surface,  a  larger  surface  area  promotes  greater  heat  loss 
(5).  Thus,  the  combination  of  a  large  body  mass  with  a 
small  surface  area  may  result  in  reduction  in  net  heat  loss 
during  exposure  to  hypothermic  conditions.  Since  males 
and  females  in  the  present  investigation  did  not  differ  in 
the  surface  area-to-mass  ratio,  despite  differences  in  body 
surface  area,  the  lack  of  a  differential  response  in  HP 
during  resting  cold  air  exposure  may  be  expected.  In 
contrast  to  resting  cold  exposure,  morphology  (i.e., 
surface  area-to-mass  ratio,  tissue  insulation)  does  not 
influence  P  (24).  Therefore,  the  lack  of  a  significant 
relationship  between  p  (which  is  not  affected  by 
morphologic  characteristics)  and  ATCS  and  AHP  (which 
may  be  affected  by  morphologic  characteristics)  may  not 
be  surprising. 

The  thermal  conductivity  of  water  is  approximately  25 
times  that  of  still  air  (7,25).  Therefore  an  individual 
immersed  in  cold  water  will  lose  heat  more  than  an 
individual  exposed  to  still  air  of  the  same  temperature. 
Even  though  the  air  condition  and  water  condition  in  this 
experiment  differed,  the  thermal  challenge  posed  by  water 
and  air  may  be  due  to  the  different  thermal  properties 
posed  (and  thereby  the  difference  in  the  rate  of  change  for 
the  thermal  variables).  For  example,  an  individual  im¬ 
mersed  in  cold  water  loses  heat  primarily  as  a  result  of 
conductive  heat  loss,  whereas  an  individual  exposed  to 
cold  air  loses  heat  via  convection  (air  movement)  as  well 
as  conduction.  In  addition,  during  cold  air  exposure  there 
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are  less  uniform  changes  due  to  variations  in  air 
movement,  posture,  and  radiant  heat  loss.  Therefore,  the 
poor  relationship  between  the  change  in  the  thermal  and 
metabolic  variables  during  the  CATT  and  P  may  be 
explained  by  a  combination  of  factors  related  to  gender 
differences  in  T^,  or  the  differing  contributions  of  the 
passive  and  active  contributions  in  maintaining  tempera¬ 
ture  homeostasis,  or  even  due  to  the  thermal  challenge  (air 
vs.  water  mediums). 

In  conclusion,  menstrual  cycle  phase  did  not  cause  a 
differential  response  in  T^,  T^,  and  HP  during  a  CATT. 
However,  females  started  and  maintained  a  higher  TM  than 
males  during  the  CATT  despite  similarities  in  HP  and  T^ 

Also,  we  found  no  relationship  between  P  and 
thermoregulation  during  the  CATT  in  these  subjects. 
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ABSTRACT 

Purpose:  This  investigation  evaluated  the  influence  of  ethnicity,  Caucasian  (CAU)  vs. 
African  American  (AA),  on  thermosensitivity  and  metabolic  heat  production  (HP)  during 
cold  water  immersion  (20°C)  in  15  CAU  (22.7  ±  2.7  yr.)  vs.  7  AA  (21.7  ±  2.7  yr.)  males. 
Methods:  Following  a  20  min  baseline  period  (BASE),  subjects  were  immersed  in  20°C 
water  until  esophageal  temperature  (Tes)  reached  36.5°C  or  for  a  maximum  pre-occlusion 
(Pre-OCC)  time  of  40  min.  Arm  and  thigh  cuffs  were  then  inflated  to  1 80  and  220 
mmHg,  respectively,  for  10  min  (OCC).  Following  release  of  the  inflated  cuffs  (Post- 
OCC),  the  slope  of  the  relationship  between  the  decrease  in  Tes  and  the  increase  in  HP 
was  used  to  define  thermosensitivity  (B).  Results:  ANOVA  revealed  no  significant 
difference  in  thermosensitivity  between  CAU  and  AA  (CAU  =  3.5±  1.6  vs.  AA=  2.4  ± 

1.4  W-kg‘1-°C‘1).  No  significant  differences  (p>0.05)  were  found  for  Tsk  (CAU  =  24.3± 
0.3  vs.  AA  =  25. 1±  0.4°C)  or  HP  (p  >0.05;  CAU  =  2.5  ±  0.2  vs.  AA  =  2.2±  0.3  W-kg1). 
However,  a  significant  (p<0.05)  main  effect  for  ethnicity  for  Tes  was  observed  (CAU  = 
36. 7±  0. 1  vs.  AA  =  36.5±  0. 1°C).  Conclusion:  These  data  suggest,  despite  a  differential 
response  in  Tes  between  AA  and  CAU  groups,  the  B  of  HP  during  cold  water  immersion 
is  similar  between  CAU  and  AA.  Therefore,  these  data  demonstrate  that  when  faced  with 
a  cold  challenge,  there  is  a  similar  response  in  HP  between  CAU  and  AA  that  is 
accompanied  by  a  differential  response  in  Tes. 

Key  words:  Cold  exposure,  ethnicity,  core  temperature,  thermoregulation 
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INTRODUCTION 

It  is  well  established  that  a  combination  of  factors  such  as  gender,  body 
composition,  morphology,  age,  and  ethnicity  may  influence  an  individual’s  response  to 
cold  stress  (10,1 1, 19, 24).  With  respect  to  ethnicity,  the  focus  of  this  investigation, 
Scholander  et  al.  (23)  observed  a  greater  peripheral  cooling  without  metabolic 
compensation  in  Australian  Aborigine  people  while  sleeping  naked  in  a  cold  environment 
as  compared  to  cold  acclimated  European  males  exposed  to  comparable  conditions.  In 
addition,  the  early  work  of  Rennie  and  Adams  (21)  demonstrated  that  during  a  cold  test 
(-12°C  air  with  hand  and  feet  bare)  the  fingers  of  African  Americans  (AA)  cooled 
significantly  more  than  those  of  Caucasian  (CAU)  subjects,  and  the  increase  in 
metabolism  was  significantly  less  in  the  African  American  group  during  acute  cold 
exposure. 

However,  because  of  the  possible  differences  in  thermal  drives  (core  and  skin 
temperature  inputs)  between  the  ethnic  groups  (i.e.,  AA  vs.  CAU),  comparisons  of 
thermosensitivity  or  thermoresponsiveness  [i.e.,  an  increase  in  metabolic  heat  production 
(HP)  with  the  controlled  manipulation  of  esophageal  temperature  (Tes)  ]  has  not  been 
adequately  determined  in  differing  ethnic  groups.  One  of  the  difficulties  in  assessing 
thermosensitivity  of  metabolic  HP  in  man  is  the  inability  to  control  for  differences  in 
absolute  temperatures  of  both  the  skin  and  core  thermosensors  as  well  as  their  rates  of 
cooling,  all  of  which  are  factors  that  contribute  to  the  thermogenic  response  (17). 
However,  the  methodology  employed  in  the  present  investigation  will  control  the 
experimental  conditions  (9, 17,18)  and  selectively  manipulate  Tes  at  a  constant  skin 
temperature  in  the  quantification  of  central  thermosensitivity  (P). 
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Mittleman  and  Mekjavic  (17,18),  validated  a  technique  for  evaluating  P  during 
cold  water  immersion.  This  technique,  which  controls  absolute  and  dynamic  skin 
temperature  by  immersion  in  water,  enables  core  temperature  to  be  manipulated  so  that 
the  thermoresponsiveness  of  all  subjects  are  evaluated  at  similar  absolute  and  dynamic 
core  temperatures.  The  authors  (17,18)  evaluated  p  in  European  American  males  (age 
23  ±  4  yr)  and  revealed  that  the  HP  response  to  a  similar  skin  and  core  thermal  drive  was 
unrelated  to  body  composition,  size  ( 16),  or  aerobic  fitness  ( 15).  Also,  recent  work  from 
our  laboratory  has  demonstrated  that  P  is  similar  in  CAU  males  and  CAU  females  18-30 
yr  and  is  not  influenced  by  menstrual  cycle  phase  (i.e.  luteal  vs.  follicular)  (9). 

However,  the  comparison  of  p  in  two  of  the  predominant  ethnic  groups  in  the  United 
States  population  (i.e.,  AA  vs.  CAU)  has  not  been  studied  under  controlled  experimental 
conditions.  Therefore,  comparative  data  between  individuals  of  non-White  origin  are 
limited  and  renders  investigation. 

Although  the  differences  in  thermal  drives  and  thermal  responses  have  not  been 
explored  between  AA  and  CAU  individuals,  the  research  literature  demonstrates  that 
there  are  differences  in  metabolic  rate  between  these  groups.  Resting  metabolic  rate,  the 
largest  component  of  total  daily  energy  expenditure,  is  lower  in  AA  than  CAU 
individuals  and  also  may  contribute  to  a  positive  energy  balance  in  AA  individuals  (4,  5, 
7). 

Since  resting  metabolic  response  and  energy  expenditure  have  been  shown  to 
differ  between  AA  and  CAU  individuals,  differences  in  the  sympathetic-adrenal- 
medullary  (SAM)  axis,  or  the  hypothalamic-pituitary  axis  (HPA)  (which  produces  key 
hormones  that  affect  fuel  utilization  and  metabolism)  could  contribute  to  differences  in 
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thermoresponsiveness  (2).  Further,  there  are  several  physiological  factors  that  influence 
metabolic  rate  that  are  related  to  the  sympathetic  nervous  system  activity  (25).  These 
factors  include  body  temperature  (22),  skeletal  muscle  metabolism  (29),  [i.e.,  plasma 
concentrations  of  triiodothyronine  (25)],  free  fatty  acids,  insulin,  and  endogenous 
glucose  production  (28).  Therefore,  the  central  nervous  system  (CNS),  which  influences 
thermoregulation  as  well  as  metabolism  (via  the  hypothalamus)  has  been  shown  to  differ 
in  responsiveness  between  AA  and  CAU  individuals  (28). 

In  addition  to  possible  differences  in  thermal  responsiveness  and  resting 
metabolic  rate,  research  has  also  demonstrated  that  AA  and  CAU  individuals  differ  with 
respect  to  body  composition  (i.e.,  skeletal  muscle  characteristics,  morphology). 
Additionally,  the  peripheral  architecture,  that  is,  the  skeletal  appendicular  dimensions 
and  potentially  the  individual’s  body  composition  has  been  shown  to  differ  between  AA 
and  CAU  individuals  (28).  From  a  thermoregulatory  standpoint,  the  larger  an 
individual’s  surface  area  the  greater  the  heat  loss  to  the  environment,  and  thereby  the 
greater  the  thermal  strain  for  a  given  environmental  condition  (1 1).  The  difference  in  lean 
tissue  vs.  percent  body  fat  may  also  contribute  to  differences  in  thermoregulation.  Fat  is 
a  passive  resistor  to  heat  exchange,  an  insulator,  and  lean  tissue  is  an  active  tissue  that 
contributes  to  shivering  thermogenesis  (and  typically  higher  resting  metabolic  rates). 
Thus,  these  variations  in  fat  and  fat-free  mass  distribution  may  contribute  to  differences 
in  thermoregulation  and  metabolism. 

From  a  military  standpoint,  there  is  an  urgency  to  examine  non-white  individuals 
since  minority  groups  now  comprise  approximately  41%  of  the  enlisted  army  (27). 
Additionally,  the  established  guidelines  for  survival  in  extreme  cold  environments  is 


6 


based  on  research  conducted  prior  to  1980  (27).  These  survival  data  focus  on  the 
responses  of  CAU  males,  18-30  yr  of  age,  since  CAU  had  previously  and  primarily 
comprised  the  majority  of  the  active  duty  personnel.  However,  the  demographics  of  age, 
gender  and  ethnicity  in  the  military  have  undergone  a  dramatic  shift  in  the  past  20  years. 
Consequently,  since  the  guidelines  for  cold  exposure  that  presently  exist  may  only 
represent  approximately  half  of  the  military  personnel  and  since  cold  exposure  may  pose 
an  extreme  stress  which  may  result  in  lethal  consequences  (7, 24),  it  is  critical  to  evaluate 
if  differences  exist  between  ethnicities.  There  is  a  need  to  expand  our  present  database  on 
performance  in  cold  environments  to  those  individuals  of  different  ethnicities. 

Whether  the  systematic  control  of  central  and  peripheral  inputs  would  result  in 
similar  core  thermosensitivities  in  AA  vs.  CAU  individuals  has  not  been  examined  and 
renders  investigation.  Therefore,  the  purpose  of  the  present  investigation  was  designed  to 
evaluate  the  influence  of  ethnicity  on  P  of  metabolic  HP  during  acute  cold  exposure. 

METHODS 


Subjects.  Healthy,  active  CAU  men  (n=15)  and  AA  men  (n=7)  age  18-29  yr, 
volunteered  to  participate  in  the  study  (Table  1)  and  provided  informed  consent.  The 
Institutional  Review  Board  approved  all  experimental  procedures  for  Human  Subjects 
Research.  Subjects  completed  the  cold  trials  between  April  and  mid-November  to  limit 
the  potential  influence  of  natural  cold  acclimatization  on  physiological  responses  (3). 


Insert  Table  1 
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Pre-experimental  Testing.  During  the  first  visit  to  the  laboratory,  anthropometric 
variables  and  maximal  oxygen  uptake  (V02mflx)  were  measured.  Height  and  weight  were 
measured  via  a  stadiometer  and  a  balance  beam  scale,  respectively.  Skinfold  thickness 
was  measured  using  standardized  procedures  and  percent  body  fat  was  calculated  using  a 
gender  specific  equation  (13).  Surface  area  (Ad)  was  calculated  from  height  and  weight 
using  the  formula  of  DuBois  and  DuBois  (6). 

Each  subject  performed  a  maximal  exercise  test  on  a  magnetically  braked  cycle 
ergometer  to  determine  V02max.  The  protocol  consisted  of  increasing  the  work  rate  in  a 
progressive  manner  until  maximal  voluntary  exhaustion  was  achieved.  The  test  began  at 
60  W  for  2  min  and  increased  20  W  min'1  thereafter.  Oxygen  consumption  (V02)  was 
measured  using  an  automated  open  circuit  system  (MAX-1  CART,  Physio-Dyne 
Instrument  Company,  Quogue,  NY).  Expired  respiratory  air  samples  were  collected 
continuously  throughout  the  maximal  exercise  test  and  recorded  at  30-sec  intervals. 

Heart  rate  (HR)  was  recorded  every  30  sec  via  telemetry  (Vantage  XL,  Polar  Electro  Inc., 
Woodbury,  NY)  and  rating  of  perceived  exertion  (RPE)  was  assessed  during  the  last  10 
sec  of  each  exercise  stage.  V02mflx  was  determined  to  be  the  average  of  the  two  greatest 
30  sec  values. 

Water  Immersion  Protocol  The  water  immersion  protocol  consisted  of  4  stages; 
baseline  (BASE),  pre-occlusion  (Pre-OCC),  occlusion  (OCC),  and  post-occlusion  (Post- 
OCC).  Subjects  were  dressed  only  in  shorts. 
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Throughout  the  water  immersion  protocol,  esophageal  temperature  (Tes),  skin 
temperature,  expired  respiratory  air  samples,  and  HR  were  continuously  measured.  Tes 
was  measured  using  a  copper-constantan  thermocouple  encased  in  an  infant  feeding  tube 
(Model  #  8888-260406,  Sherwood  Medical,  St.  Louis,  MO).  Insertion  depth  to  the  level 
of  the  heart  was  determined  by  sitting  stature  (14)  with  adjustments  to  obtain  the  highest 
temperature  reading.  Skin  temperature  was  evaluated  from  7  sites  (head,  tricep,  hand, 
chest,  thigh,  calf,  foot)  using  copper-constantan  thermocouples.  Mean  weighted  skin 
temperature  (Tsk)  was  calculated  using  the  formula  of  Hardy  and  DuBois  (12).  The 
esophageal  and  skin  temperature  thermocouples  were  interfaced  to  a  datalogger  (Omega 
OM-5000  Data  Logger,  Omega  Engineering,  Inc.,  Stamford,  CT)  and  values  were 
recorded  every  minute.  Expired  respiratory  air  samples  were  collected  and  analyzed 
every  minute  and  used  to  calculate  HP  (W-m'2  or  W-kg'1).  HR  was  recorded  every 
minute. 

During  BASE,  each  subject  sat  quietly  in  a  semi-recumbent  position  on  a  lounge 
chair  for  20  min  in  28°C  air.  Following  BASE,  each  subject  was  escorted  to  the 
immersion  tank  to  begin  the  Pre-OCC  stage  of  the  water  immersion  protocol.  Each 
subject  sat  immersed  to  the  first  thoracic  vertebrae  with  limbs  separated  and  extended  on 
a  specially  designed  chair  constructed  of  PVC  tubing.  Water  temperature  of  the  tank  was 
maintained  at  20°C  (±  0.1  °C)  via  a  commercially  available  chiller  (Bath  Cooler  PBC-2II, 
NESLAB  Instrument  Company,  Newington,  NH).  After  40  min,  or  when  Tes  reached 
36.5°C,  the  OCC  stage  was  initiated.  Blood  pressure  cuffs  around  the  right  arm  and  left 
leg  were  inflated  to  180  and  220  mmHg,  respectively  (17,18).  After  10  min  of  blood 
occlusion,  the  cuffs  were  released  and  the  subject  remained  in  the  tank  for  10  min  (Post- 
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OCC)  or  until  a  Tes  of  35°C.  Upon  release  of  the  cuffs,  Tes  decreased  resulting  from  the 
return  of  the  cooled  extremity  blood  to  the  core  region,  while  HP  concomitantly 
increased  The  slope  of  the  stimulus  (decrease  in  Tes)  -  response  (increase  in  HP) 
relationship  during  the  Post-OCC  phase  was  used  to  define  (5  (W-kg''-0C'1).  Following 
the  Post-OCC  stage,  subjects  were  removed  from  the  immersion  tank  and  escorted  to  a 
warm  shower  for  rewarming. 

Statistical  Analyses.  Data  were  evaluated  for  differences  between  groups  (CAU  vs.  AA) 
and  across  time  using  a  two-way  (2  x  4)  analysis  of  variance  (ANOVA)  with  repeated 
measures  on  the  time  factor.  Significance  was  set  a  priori  at  p  <  0.05.  When  significance 
was  observed,  a  Tukey  post-hoc  test  was  used  to  examine  specific  contrasts.  A  priori 
contrasts  on  the  physiological  responses  at  baseline  were  compared  using  a  Tukey  post- 
hoc  test.  All  values  are  expressed  as  means  (M)  ±  standard  deviations  (SD).  HP 
(determined  via  VO2  and  corrected  for  R)  was  analyzed  and  is  expressed  as  Wkg'1  and 
W-m'2  and  B  was  analyzed  and  is  reported  as  both  W*kg*1‘°C*1  and  W-m'^C'1.  Both 
units  of  measurement  are  presented  so  as  to  make  comparisons  with  the  available 
experimental  literature.  Lastly,  due  to  the  unequal  group  sizes,  Levene’s  Test  for  Equality 
of  Variances  was  used  to  determine  whether  group  variances  were  unequal.  If  the  groups 
exhibited  different  variances,  an  adjusted  p-value  was  used. 
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RESULTS 

Physiological  Responses  During  Baseline 

There  were  no  significant  differences  observed  in  Tes  between  the  CAU  and  AA 
(36.9±0.2  vs.  36. 8±  0.2°C,  respectively).  HP  was  not  significantly  different  between  the 
CAU  and  AA  males  when  HP  was  expressed  relative  to  body  weight  (1.3±  0.2  vs.  1.3± 
0.3  W-kg'1,  respectively)  or  Ad  (53.4  ±8.1  vs.  54.7±  13.0  W-m'2 ,  respectively).  T sk  also 
did  not  differ  between  CAU  vs.  AA  (31.7±0.8  vs.  31.7±0.9°C,  respectively)  during 
baseline. 

Physiological  Responses  During  Cold  Water  Immersions 

Heat  production  (HP).  HP  did  not  demonstrate  a  main  effect  for  ethnicity  (p  =  0.285) 
when  expressing  HP  in  terms  of  W-kg1  (CAU=  2.5  ±  0.8  vs.  AA=  2.2  ±  0.8  W-kg*1),  or 
when  expressing  HP  in  W-m'2  (Table  2:  p  =  0.37).  A  significant  main  effect  for  time  (p 
<  0.001)  was  observed  when  HP  was  expressed  in  either  W-kg'1  or  W-m*2  whereby  HP 
exhibited  a  characteristic  elevation  during  the  onset  of  immersion  followed  by  a  slight 
decrease  or  plateau  during  the  Pre-OCC  and  OCC  stages  and  then  an  increase  during  the 
Post-OCC  stage  (Figure  1).  Post-hoc  analysis  revealed  significant  differences  between 
all  time  periods  except  for  Pre-OCC  and  OCC  (Table  2).  Additionally,  there  was  no 
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significant  group  x  time  interaction  demonstrated. 


Insert  Table  2.  Figure  1 

Esophageal  temperature  (Tes).  Tes  demonstrated  a  main  effect  for  ethnicity  (p  =  0.003) 
(CAU  =  36.7±  0.2  vs.  AA  =  36.4±  0.2°C).  Also,  as  expected  a  significant  main  effect  for 
time  was  observed  (p  <  0.001)  (Figure  2,  Table  2).  Post-hoc  testing  revealed  significant 
differences  between  Pre-OCC  and  OCC,  Pre-OCC  and  Post-OCC,  and,  OCC  and  Post- 
OCC  only  (Table  2).  Additionally,  there  was  no  significant  group  x  time  interaction 
demonstrated. 


Insert  Figure  2 

Mean  skin  temperature  (fsk).  Tsk  demonstrated  a  trend  for  the  main  effect  of  ethnicity 
(p  =  0.089)  (CAU  =  24.2  ±  1.1  vs.  AA  =  25.1  ±  0.1. 1C).  Figure  3  displays  the  response  in 
Tsk  over  time.  As  expected,  a  significant  main  effect  for  time  (p  <  0.001)  was  observed 
and  subsequent  post-hoc  testing  revealed  differences  between  all  time  points  except  for 
OCC  and  Post-OCC.  (Table  3).  Additionally,  there  was  no  significant  group  x  time 
interaction  demonstrated. 


Insert  Figure  3 
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Central  Thermosensitivity  (B).  The  relationship  between  the  decrease  in  Tes  and 
increase  in  HP  following  the  release  of  occlusion  and  subsequent  recirculation  of  the 
cooled  extremity  blood  is  depicted  in  Figure  4.  All  values  for  13  are  given  as  absolutes.  13 
was  higher  in  the  CAU  group  than  the  AA  group  but  this  difference  did  not  reach 
statistical  significance  (p  =  0. 14).  When  expressed  relative  to  Ad  (for  experimental 
comparisons  ),  13  was  again  not  significant  between  the  CAU  vs.  AA  groups  (p=  0.51; 
121.8  ±63.4  vs.  100.8  ±  65.6,  respectively). 

Insert  Figure  4 


DISCUSSION 


In  the  present  study,  thermal  and  metabolic  responses  were  evaluated  during 
immersion  in  20°C  water  following  the  alteration  in  blood  circulation  (by  pressure  cuff 
occlusion).  The  experimental  manipulation  of  Tes  by  pressure  cuff  occlusion  and  the 
subsequent  release  of  the  cooled  trapped  extremity  blood,  resulted  in  an  increase  in 
shivering  thermogenesis  and  a  reduction  in  Tes.  These  observations  have  been  reported 
previously  (17,18).  The  slope  of  the  Tes-HP  relationship  during  the  dynamic  Post-OCC 
phase  that  defines  {3  did  not  significantly  differ  between  CAU  and  AA.  This  study 
extends  the  work  of  Mittleman  and  Mekjavic  (17,18)  by  employing  a  sample  of  males  of 
different  ethnicities.  Values  for  (3  in  the  present  investigation  were  similar  to  those 
previously  reported  by  Mittleman  et  al.  (17,18)  (males:  4.45  ±  0.55  W-kg  -1*°C'1;  CAU  = 
3.56  ±  1.62  W-kg  '1-°C*1;  AA  =  2.43  ±  1.63  W-kg  The  lack  of  significant 
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difference  may  be  explained  by  the  large  variability  in  the  data,  indicating  that  there  is  a 
large  amount  of  inter-individual  variation  in  p.  The  variability  in  p  was  similar  to  that 
observed  in  previous  studies  (17,18). 

Although  the  present  investigation  did  find  a  difference  between  Tes  in  CAU  and 
AA,  this  differential  response  was  unaccompanied  by  differences  in  Tsk,  HP  (W-m'2  or 
W  kg  _1)  and  B.  Although  not  significantly  different,  HP  (W-kg  _1)  was  higher  in  CAU 
compared  to  AA,  a  finding  that  is  consistent  with  the  experimental  literature  (5, 7, 28). 
However,  HP  did  not  differ  during  BASE  between  CAU  and  AA.  Chitwood  et  al.  and 
others  (7, 28)  have  demonstrated  that  AA  individuals  demonstrate  a  lower  resting  energy 
expenditure  as  well  as  an  attenuated  energy  expenditure  during  exercise  and  recovery 
from  an  exercise  bout  compared  to  CAU  individuals.  The  lack  of  significant  difference  in 
this  investigation  may  be  due  to  the  measure  of  “baseline  data”  not  actually  reflecting 
true  resting  energy  expenditure  (REE).  The  anticipation  of  the  water  immersion  protocol 
may  have  caused  a  higher  rate  of  energy  expenditure  (anticipatory  effect)  and  may  have 
masked  a  differential  response. 

Centrally,  external  ambient  stressors  influence  homeostasis  by  altering  the 
involvement  of  the  hypothalamus  with  both  the  SAM  and  the  HPA  axes  (2).  The  distinct 
effects  of  these  two  hormonal  axes  compliment  each  other  (2),  and  the  primary  hormone 
products  of  these  axes  are  epinephrine,  norepinephrine,  and  cortisol.  These  hormones 
serve  to  mobilize  and  distribute  metabolic  fuels  at  different  rates.  This  in  part  may 
explain  the  results  of  others  (5, 7, 28)  that  have  shown  that  fuel  utilization  and 
metabolism  differ  between  CAU  and  AA  individuals.  Thus,  the  lower  Tes  and  HP 
(trend)  demonstrated  in  the  AA  group  in  this  investigation  may  be  centrally  mediated. 
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The  hypothalamus  is  the  site  of  control  for  many  biological  responses  including 
temperature,  thirst,  and  hunger.  This  site,  in  concert  with  the  suprachiasmatic  nucleus 
(SCN:  which  regulates  many  neuroendocrine  rhythms  including  ACTH,  thyroid 
stimulating  hormone,  insulin  and  glucagon),  may  influence  the  individual’s  biological 
rhythms  (26).  Since  the  utilization  of  insulin  and  glucagon  have  been  shown  to  differ 
between  AA  vs.  CAU  individuals  (5, 7, 28),  there  may  be  a  disparity  in  the  influence  of 
the  hypothalamus  (temperature  regulation)  and  the  SCN  on  maintaining  temperature 
homeostasis  in  AA  vs.  CAU  individuals.  Therefore,  subsequent  work  may  include  the 
exploration  of  the  aforementioned  blood  markers  to  more  closely  examine 
thermoregulatory  mechanisms  and  disparities. 

The  lack  of  difference  in  Tsk  may  indicate  that  despite  differences  in  Tes,  Tsk 
was  maintained  similarly  by  both  CAU  and  AA  perhaps  indicating  a  similar  degree  of 
peripheral  vasoconstriction.  This  finding  is  in  contrast  to  the  earlier  work  of  Adams  and 
Covino  (1)  who  reported  lower  average  skin  temperatures  reached  by  A  A  prior  to  the 
onset  of  shivering  and  the  subsequent  increase  in  HP.  However,  in  the  present 
investigation  the  cold  stressor  was  water.  During  cold  water  immersion,  skin  temperature 
typically  mimics  water  temperature.  The  previous  work  of  Rennie  and  Adams  (21)  was 
conducted  in  air  which  is  a  less  uniform  cold  stressor  due  to  variations  in  air  movement, 
posture  and  radiant  heat  loss. 

Body  temperature  depends  on  the  dynamic  balance  between  heat  gained  through 
metabolic  HP  and  heat  lost  to  the  environment.  When  heat  loss  exceeds  heat  gain  there 
is  a  decline  in  core  temperature.  Since  the  AA  group  exhibited  a  lower  overall  Tes  than 
their  CAU  counterparts,  it  is  likely  that  the  lack  of  a  significant  differential  response  in 
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HP  created  a  greater  thermal  strain  and  contributed  to  the  lower  Tes.  This  observation  is 
in  agreement  with  the  early  work  of  Rennie  and  Adams  (21)  and  Adams  and  Covino  (1) 
who  demonstrated  a  lower  rise  in  metabolic  rate  during  cold  exposure  in  AA  compared  to 
CAU  individuals.  Furthermore,  Rennie  and  Adams  (21)  reported  an  increase  in  shivering 
later  (during  exposure),  or  at  a  reduced  core  temperature  in  AA  compared  to  than  their 
CAU  counterparts.  Therefore,  shivering  thermogenesis  (as  reflected  by  HP)  was  lower  in 
the  A  A  group,  and  may  have  contributed  to  the  lower  Tes  exhibited. 

Adams  and  Covino  (1)  reports  that  the  failure  of  his  AA  group  to  increase  HP  as 
soon  as  or  as  quantitatively  as  high  as  CAU  or  Eskimos  when  exposed  to  cold  (air 
temperature  of  17°C  for  85  min)  is  indicative  of  an  increased  susceptibility  to  cold  injury. 
Though  Tes  differed  between  groups  in  the  present  investigation,  the  lack  of  significant 
difference  between  thermoresponsiveness  or  p  between  the  CAU  and  AA  groups, 
whereby,  Tes  and  HP  are  both  manipulated  systematically  may  suggest  otherwise. 

The  determination  of  P  allows  for  the  assessment  of  group  differences  (CAU  vs.  AA)  in 
the  physiological  responses  to  a  decrease  in  core  temperature  regardless  of  the  anthropometrical 
or  morphological  differences  (8, 20).  Therefore,  the  determination  of  p  may  reveal  whether  or 
not  certain  individuals  or  groups  of  individuals  are  at  a  marked  disadvantage  during  cold 
exposure.  If  a  marked  disadvantage  was  observed,  this  information  could  lead  to  alterations  in 
acceptable  exposure  time,  equipment  /  insulation  needs,  or  in  the  guidelines  set  forth  to  protect 
the  individual  from  cold  related  injuries. 

In  conclusion,  these  data  suggest  that  the  p  of  HP  during  cold  water  immersion  is  similar 
between  AA  and  CAU,  although  a  lower  Tes  was  observed  throughout  the  cold  water  trial  in  the 
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FIGURE  LEGENDS 


Figure  1:  Mean  values  for  heat  production  (M±SD):  During  baseline  (BASE),  prior  to 
(Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion  (Post- 
OCC)  of  the  extremity  blood  flow  in  Caucasian  (CAU)  vs.  African  American  (AA), 

(p  =  0.108). 

Figure  2:  Mean  values  for  esophageal  temperature  (M±SD):  During  baseline  (BASE), 
prior  to  (Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion 
(Post-OCC)  of  the  extremity  blood  flow  in  Caucasian  (CAU)  vs.  African  American  (AA), 
(p  =  0.079). 

Figure  3:  Mean  values  for  skin  temperature  (M±SD):  During  baseline  (BASE),  prior  to 
(Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion  (Post- 
OCC)  of  the  extremity  blood  flow  in  Caucasian  (CAU)  vs.  African  American  (AA),  (p  = 
0.068). 

Figure  4:  Comparison  of  values  for  thermosensitivity  (M±SD)  between  Caucasian  (CAU) 
and  African  American  (A A),  (p  =  0.5 1) 


Table  1.  Subject  characteristics  (M  ±  SD). 


Variable 

CAU  (n=15) 

AA  (n=7) 

Age  (yrs) 

22.7  ±2.8 

21.7  ±2.7 

Height  (cm) 

177.7  ±  7.9 

183.1  ±8.3 

Weight  (kg) 

79.0  ±11.1 

86.8  ±13.4 

BSA  (m2) 

1.96  ±0.16 

2.07  ±0.17 

Body  fat  (%) 

10.9  ±2.9 

12.5  ±5.4 

VChmax  (mL-kg^-min*1) 

46.4  ±9.2 

42.1  ±8.8 

BSA,  Body  Surface  Area;  *  p  <  0.05,  CAU  vs.  AA. 


Table  2.  Esophageal  temperature  (Tes),  mean  skin  temperature  (Tsk),  and  heat  production  (HP)  across  time  (M  ±  SD). 
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ABSTRACT 

This  investigation  evaluated  the  influence  of  age  old  (OLD)  vs.  young  (YNG),  on 
thermosensitivity  and  metabolic  heat  production  (HP)  during  cold  water  immersion 
(20°C)  in  15  YNG  (22.7  ±  2.7  yr.)  vs.  7  OLD  (21.7  ±  2.7  yr.)  individuals.  Following  a 
20  min  baseline  period  (BASE),  subjects  were  immersed  in  20°C  water  until  esophageal 
temperature  (Tes)  reached  36.5°C  or  for  a  maximum  pre-occlusion  (Pre-OCC)  time  of  40 
min.  Arm  and  thigh  cuffs  were  then  inflated  to  180  and  220  mmHg,  respectively,  for  10 
min  (OCC).  Following  release  of  the  inflated  cuffs  (Post-OCC),  the  slope  (B)  of  the 
relationship  between  the  decrease  in  Tes  and  the  increase  in  HP  was  used  to  quantify 
thermosensitivity.  ANOVA  revealed  no  significant  difference  in  thermosensitivity 
between  OLD  and  YNG  (OLD  =  2.25±  1.72  vs.  YNG=  3.56  ±  1.53  W-kg  ^C'1).  No 
significant  differences  (p>0.05)  were  found  for  Tsk  (OLD  =  23. 8±  0.31  vs.  YNG  =  24.2± 
0. 19°C),  HP  (p  >0.05;  OLD  =  3.10±  0.38  vs.  YNG  =  2.50±  0.22  W-kg'1 )  or  Tes 
(OLD  =  36.61±  0. 1 1  vs.  YNG  =  36.74±  0.06°C).  Therefore,  these  data  demonstrate  that 
when  faced  with  a  cold  challenge,  there  is  a  similar  response  in  B,  HP,  Tes  and  Tsk 
between  OLD  and  YNG  individuals. 

Key  words:  Cold  exposure,  ethnicity,  core  temperature,  thermoregulation 
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INTRODUCTION 

It  is  well  established  that  a  combination  of  factors  such  as  gender,  body 
composition,  morphology,  age,  and  ethnicity  may  influence  the  individual’s  ability  to 
respond  to  the  stressor  of  cold  (Glickman-Weiss  et  al.  1991,  Glickman-Weiss  et  al.  1993, 
Mittleman  1990,  Nunneley  1978).  With  respect  to  age,  the  focus  of  this  investigation, 
there  are  numerous  age-related  changes  that  occur  that  may  compromise  one’s  ability  to 
thermoregulate  during  acute  cold  exposure  (Kenney  and  Buskirk  1995,  Keys  1973, 
Schaefer  et  al.  1996).  These  changes  include  an  attenuated  core  and  mean  skin 
temperature  response  for  a  given  thermal  challenge  (Fox  et  al.  1973),  a  reduced  ability  to 
conserve  body  heat  through  cutaneous  vasoconstriction  (Richardson  et  al.  1992),  as  well 
as  a  reduction  in  tissue  insulation,  lean  body  mass  and  resting  metabolic  rate.  As  a 
consequence,  these  age-related  changes  place  the  older  individual  at  a  greater  risk  for 
cold  injury. 

Frank  et  al.  (2000)  examined  thermoregulatory  differences  in  younger  and  older 
human  subjects  utilizing  a  protocol  designed  to  decrease  core  temperature  via 
intravenously  administration  of  cold  fluid  (40  ml/kg,  4°C)  over  30  min  in  young  (18-23 
yr.  old)  vs.  older  (55-71  yr.  old)  individuals.  Plasma  norepinephrine  (NE)  increased 
fourfold  in  the  younger  but  only  twofold  in  the  older  subjects.  Since  cold-induced 
changes  in  vasomotor  tone  depend  on  NE  release,  the  impairment  in  thermoregulatory 
vasoconstriction  with  aging  may  be  due  to  the  decrease  in  NE  release  (or  a  decrease  in 
vasomotor  response  for  a  given  amount  of  NE  at  its  receptors).  Frank  (2000) 
demonstrated  that  the  vasomotor  response  for  a  given  plasma  NE  concentration  was 
decreased  in  the  older  group,  compared  with  the  younger  group  and  the  older  group  had 
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significantly  lower  core  temperature  thresholds  for  vasoconstriction.  Since  both 
vasoconstriction  and  shivering  are  critical  responses  that  play  a  role  in  the  maintenance  of 
body  temperature  during  a  cold  challenge,  and  these  mechanisms  may  be  reduced  with 
aging,  (due  to  vasomotor,  metabolic  and  morphological  changes  that  occur  with  aging),  it 
follows  that  temperature  regulation  may  therefore  be  reduced  with  aging  as  well. 

Furthermore,  the  older  adult  is  less  capable  of  subjectively  sensing  thermal 
perception  (Collins  et  al.  1981,  Fitzgerald  and  Jessop  1981).  For  example,  the  older  adult 
is  capable  of  sensing  a  2.5°C  change  in  ambient  temperature  while  the  younger  adult  can 
discern  a  difference  in  ambient  temperature  of  0.8°C  (Collins  1987).  Therefore,  the  older 
adult  when  exposed  to  the  cold  is  less  able  to  sense  changes  in  environmental  extremes, 
as  well  as  responding  physiologically  to  maintain  temperature  homeostasis  as  compared 
to  their  younger  counterparts.  This  may  exacerbate  the  older  individual’s  chance  of  not 
only  being  exposed  to  a  more  stressful  (cold)  environment  but  also,  creates  a  higher  risk 
for  cold  injury,  as  their  ability  to  respond  to  a  cold  challenge  is  also  physiologically 
reduced. 

However,  because  of  the  possible  differences  in  thermal  drives  (core  and  skin 
temperature  inputs)  between  the  age  groups  (i.e.,  young  =18-30  yr.  vs.  old=  40-50  yr. 
old),  comparisons  of  thermosensitivity  or  thermoresponsiveness  [i.e.,  an  increase  in 
metabolic  heat  production  (HP)  with  the  controlled  manipulation  of  esophageal 
temperature  (Tes)  ]  has  not  been  adequately  determined  in  differing  age  groups.  One  of 
the  difficulties  in  assessing  thermosensitivity  of  metabolic  HP  in  man  is  the  inability  to 
control  for  differences  in  absolute  temperatures  of  both  the  skin  and  core  thermosensors 
as  well  as  their  rates  of  cooling,  all  of  which  are  factors  that  contribute  to  the  thermogenic 
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response  (Mittleman  1990).  However,  the  methodology  employed  in  the  present 
investigation  will  control  the  experimental  conditions  (Mittleman  1990,  Mittleman  and 
Mekjavic  1988)  and  selectively  manipulate  Tes  at  a  constant  skin  temperature  in  the 
quantification  of  central  thermosensitivity  (P). 

Mittleman  and  Mekjavic  (1988),  validated  a  technique  for  evaluating  p  during 
cold  water  immersion.  This  technique,  which  controls  absolute  and  dynamic  skin 
temperature  by  immersion  in  water,  enables  core  temperature  to  be  manipulated  so  that 
the  thermoresponsiveness  of  all  subjects  are  evaluated  at  similar  absolute  and  dynamic 
core  temperatures.  The  authors  (Mittleman  and  Mekjavic  1988,  1991)  evaluated  p  in 
European  American  males  (age  23  ±  4  yr)  and  revealed  that  the  HP  response  to  a  similar 
skin  and  core  thermal  drive  was  unrelated  to  body  composition,  size  (Mittleman  1990),  or 
aerobic  fitness  (Mittleman  1990a).  Also,  recent  work  from  our  laboratory  has 
demonstrated  that  p  is  similar  in  CAU  males  and  CAU  females  18-30  yr  and  is  not 
influenced  by  menstrual  cycle  phase  (i.e.  luteal  vs.  follicular)  (Glickman-Weiss  et  al. 
2000).  However,  the  comparison  of  p  in  older  vs.  younger  individuals  groups  in  the 
United  States  population  has  not  been  studied  under  controlled  experimental  conditions. 
Therefore,  comparative  data  between  individuals  varying  by  age  are  limited  and  renders 
investigation. 

Although  the  differences  in  thermal  drives  and  thermal  responses  have  not  been 
explored  between  older  vs.  younger  individuals,  the  research  literature  demonstrates  that 
there  are  differences  in  metabolic  rate  between  these  groups.  Resting  metabolic  rate 
(RMR),  the  largest  component  of  total  daily  energy  expenditure,  is  lower  in  older  than 
younger  individuals  and  also  may  contribute  to  a  positive  energy  balance  in  older 
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individuals  (Visser  et  al.  1995).  RMR  is  known  to  decrease  with  increasing  age  (Keyes 
et  a.  1973),  mainly  because  of  a  change  in  body  composition.  Fat  free  mass  decreases 
with  age  and  because  this  mass  is  metabolically  active,  the  RMR  is  likely  to  decrease 
(Tzankoff  and  Norris  1977)  as  well.  Also,  a  lower  physical  activity  level  (total  energy 
expenditure)  and  hormonal  changes  might  also  contribute  to  a  lower  RMR  in  older 
individuals  (Schwartz  et  al.  1990,  Poehlman  et  al.  1992). 

Since  resting  metabolic  response  and  energy  expenditure  have  been  shown  to 
differ  between  older  and  younger  individuals,  differences  in  the  sympathetic-adrenal- 
medullary  (SAM)  axis,  or  the  hypothalamic-pituitary  axis  (HP A)  (which  produces  key 
hormones  that  affect  fuel  utilization  and  metabolism)  could  contribute  to  differences  in 
thermoresponsiveness  (Armstrong  2000).  Further,  there  are  several  physiological  factors 
that  influence  metabolic  rate  that  are  related  to  the  sympathetic  nervous  system  activity 
(Toubro  et  al.  1996).  These  factors  include  body  temperature  (Rising  1992),  skeletal 
muscle  metabolism  (Zurlo  1990),  [i.e.,  plasma  concentrations  of  triiodothyronine  (Toubro 
1996)],  free  fatty  acids,  insulin,  and  endogenous  glucose  production  (Weyer  1992). 
Therefore,  the  central  nervous  system  (CNS),  which  influences  thermoregulation  as  well 
as  metabolism  (via  the  hypothalamus)  has  been  shown  to  differ  in  responsiveness 
between  older  vs.  younger  individuals  (Weyer  1992). 

From  a  military  standpoint,  there  is  an  urgency  to  examine  older  individuals  since 
older  individuals  now  comprise  approximately  10%  of  the  active  duty  army  personnel 
(DMDC  Data,  1997).  Additionally,  the  established  guidelines  for  survival  in  extreme 
cold  environments  is  based  on  research  conducted  prior  to  1980.  These  survival  data 
focus  on  the  responses  of  CAU  males,  18-30  years  of  age,  since  CAU  had  previously  and 
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primarily  comprised  the  majority  of  the  active  duty  personnel.  However,  the 
demographics  of  age,  gender  and  ethnicity  in  the  military  have  undergone  a  dramatic  shift 
in  the  past  20  years.  Consequently,  since  the  guidelines  for  cold  exposure  that  presently 
exist  may  only  represent  approximately  half  of  the  military  personnel  and  since  cold 
exposure  may  pose  an  extreme  stress  which  may  result  in  lethal  consequences  (Toner  and 
McArdle  1988),  it  is  critical  to  evaluate  if  differences  exist  between  age  groups.  There  is 
a  need  to  expand  our  present  database  on  performance  in  cold  environments  to  those 
individuals  of  different  ages. 


METHODS 


Subjects.  Healthy,  active  YNG  men  (n=  15, 18-30  yr.)  and  OLD  men  (n=7, 40-55  yr.) 
volunteered  to  participate  in  the  study  (Table  1)  and  provided  informed  consent.  The 
Institutional  Review  Board  approved  all  experimental  procedures  for  Human  Subjects 
Research.  Subjects  completed  the  cold  trials  between  April  and  mid-November  to  limit 
the  potential  influence  of  natural  cold  acclimatization  on  physiological  responses  (Burton 
1955). 


Insert  Table  1 


Pre-experimental  Testing.  During  the  first  visit  to  the  laboratory,  anthropometric 
variables  and  maximal  oxygen  uptake  (VCbmax)  were  measured.  Height  and  weight  were 
measured  via  a  stadiometer  and  a  balance  beam  scale,  respectively.  Skinfold  thickness 
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was  measured  using  standardized  procedures  and  percent  body  fat  was  calculated  using  a 
gender  specific  equation  (Jackson  and  Pollock  1978).  Surface  area  (Ad)  was  calculated 
from  height  and  weight  using  the  formula  of  DuBois  and  DuBois  (1915). 

Each  subject  performed  a  maximal  exercise  test  on  a  magnetically  braked  cycle 
ergometer  to  determine  VC^mx-  The  protocol  consisted  of  increasing  the  work  rate  in  a 
progressive  manner  until  maximal  voluntary  exhaustion  was  achieved.  The  test  began  at 
60  W  for  2  min  and  increased  20  W  per  min  thereafter.  Oxygen  consumption  (V02)  was 
measured  using  an  automated  open  circuit  system  (MAX-1  CART,  Physio-Dyne 
Instrument  Company,  Quogue,  NY).  Expired  respiratory  air  samples  were  collected 
continuously  throughout  the  maximal  exercise  test  and  recorded  at  30-sec  intervals. 

Heart  rate  (HR)  was  recorded  every  30  sec  and  rating  of  perceived  exertion  (RPE)  was 
assessed  during  the  last  10  sec  of  each  exercise  stage.  V02max  was  determined  to  be  the 
average  of  the  two  greatest  30-sec  values. 

Water  Immersion  Protocol  The  water  immersion  protocol  consisted  of  4  stages; 
baseline  (BASE),  pre-occlusion  (Pre-OCC),  occlusion  (OCC),  and  post-occlusion  (Post- 
OCC).  Subjects  were  dressed  only  in  shorts. 

Throughout  the  entire  water  immersion  protocol,  core  (esophageal)  temperature 
(Tes),  skin  temperature,  expired  respiratory  air  samples,  and  HR  were  continuously 
measured.  Tes  was  measured  using  a  copper-constantin  thermocouple  encased  in  an 
infant  feeding  tube  (Model  #  8888-260406,  Sherwood  Medical,  St.  Louis,  MO). 

Insertion  depth  to  the  level  of  the  heart  was  determined  by  sitting  stature  (Mekjavic  and 
Rempel  1990)  with  adjustments  to  obtain  the  highest  temperature  reading.  Skin 
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temperature  was  evaluated  from  7  sites  (head,  tricep,  forearm,  hand,  chest,  thigh,  calf, 
foot)  using  copper-constantine  thermocouples.  Mean  weighted  skin  temperature  (Tsk) 
was  calculated  using  the  formula  of  Hardy  and  DuBois  (1938).  The  esophageal  and  skin 
temperature  thermocouples  were  interfaced  to  a  datalogger  (Omega  OM-5000  Data 
Logger,  Omega  Engineering,  Inc.,  Stamford,  CT)  and  values  were  recorded  every  minute. 
Expired  respiratory  air  samples  were  collected  and  analyzed  every  minute  and  used  to 
calculate  HP  (W-mf2  or  W  kg'1  ) .  HR  was  recorded  every  minute. 

During  BASE,  each  subject  sat  quietly  in  a  semi-recumbent  position  on  a  lounge 
chair  for  20  min  in  28°C  air.  Following  base,  each  subject  was  escorted  to  the  immersion 
tank  to  begin  the  Pre-OCC  stage  of  the  water  immersion  protocol.  Each  subject  sat 
immersed  to  the  first  thoracic  vertebrae  with  limbs  separated  and  extended  on  a  specially 
designed  chair  constructed  of  PVC  tubing.  Water  temperature  of  the  tank  was  maintained 
at  20°  (±  0. 1  °C)  via  a  commercially  available  chiller  (Bath  Cooler  PBC-2II,  NESLAB 
Instrument  Company,  Newington,  NH).  After  40  min,  or  when  Tes  reached  36.5°C,  the 
OCC  stage  was  initiated.  Blood  pressure  cuffs  around  the  right  arm  and  left  leg  was 
inflated  to  180  and  220  mmHg,  respectively  (Glickman- Weiss  et  al.  2000,  Mittleman  and 
Mekjavic  1988).  After  10  min  of  blood  occlusion,  the  cuffs  were  released  and  the  subject 
remained  in  the  tank  for  10  min  for  (Post-OCC)  or  until  a  Tes  of  35°C.  Upon  release  of 
the  cuffs,  Tes  decreases  observed  resulting  from  the  return  of  the  cooled  extremity  blood 
to  the  core  region  and  HP  concomitantly  increases.  The  slope  of  the  stimulus  (decrease 
in  Tes)  -  response  (increase  in  HP)  relationship  during  the  Post-OCC  phase  was  used  to 
define  thermosensitivity  (0,  W-kg'^C).  Following  the  Post-OCC  stage,  subjects  were 
removed  from  the  immersion  tank  and  escorted  to  a  warm  shower  for  rewarming. 
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Statistical  Analyses.  Data  were  evaluated  for  differences  between  group  (YNG  vs.  OLD) 
and  across  time  using  analysis  of  variance  (ANOVA)  procedures.  Significance  was  set  a 
priori  at  p  <  0.05.  When  significance  was  observed,  a  Tukey  post-hoc  test  was  used  to 
examine  specific  contrasts.  A  priori  contrasts  on  the  physiological  responses  at  baseline 
were  compared  using  a  Tukey  post-hoc  test.  All  values  are  expressed  as  means  (M)  ± 
standard  deviations  (SD).  HP  was  analyzed  and  is  expressed  as  W-kg'1  and  W-m’2  and  ft 
was  analyzed  and  is  reported  as  both  W-kg  1*°C  1  and  W-m  2-°C  *.  Both  units  of 
measurement  are  presented  so  as  to  make  comparisons  with  the  available  experimental 
literature.  Lastly,  due  to  the  unequal  group  sizes,  Levene’s  Test  for  Equality  of  Variances 
was  used  to  determine  whether  group  variances  were  unequal.  If  the  groups  exhibited 
different  variances,  an  adjusted  p-value  was  used. 

RESULTS 

Physiological  Responses  During  Baseline 

There  were  no  significant  differences  observed  in  Tes  between  the  OLD  vs.  YNG 
(36.8±0.3  vs.  36.2±  0. 1  °C,  respectively).  HP  was  not  significantly  different  between  the 
OLD  and  YNG  when  HP  was  expressed  relative  to  body  weight  (1.39±  0.2  vs.  1.32±  0.2 
W-kg’1,  respectively)  or  Ad  (55. 3±  5.2  vs.  53. 4±  8. 1  W-m’2  ,  respectively).  Tsk  also  did 
not  differ  between  OLD  vs.  YNG  (31.2±1.8  vs.  31.7±0.8°C.  respectively)  during 


baseline. 


11 


Physiological  Responses  During  Cold  Water  Immersions 

Heat  production  (HP).  HP  did  not  demonstrated  a  main  effect  for  age  (p  =  0. 190)  when 
expressing  HP  in  terms  of  W-kg'1  (OLD=  3.18  ±  0.4  vs.  YNG=  2.51  ±  0.2  W-kg’1),  or 
when  expressing  HP  in  W-m'2  (p  =  0. 147).  A  significant  main  effect  for  time  (p  < 
0.001)  was  observed  when  HP  was  expressed  in  either  W-kg'1  or  W-m'2  whereby  HP 
exhibited  a  characteristic  elevation  during  the  onset  of  immersion  followed  by  a  slight 
decrease  or  plateau  during  the  Pre-OCC  and  OCC  stages  and  then  an  increase  during  the 
Post-OCC  stage  (Figure  1).  Post-hoc  analysis  revealed  significant  differences  between 
all  time  periods  except  for  Pre-OCC  and  OCC  (Table  2). 


Insert  Table  2,  Figure  1 

Esophageal  temperature  (Tes).  Tes  did  not  demonstrate  a  main  effect  for  age  (p  = 
0.338)  (OLD  =  36.6±  0. 1  vs.  YNG  =  36.7±  0.06°C).  Also,  as  expected  a  significant  main 
effect  for  time  was  observed  (p  <  0.001)  (Figure  2,  Table  2).  Post-hoc  testing  revealed 
significant  differences  between  BASE  and  POST-OCC,  PRE-OCC  and  OCC,  and,  OCC 
and  POST-OCC  only  (Table  2).  Additionally,  there  was  no  significant  group  x  time 
interaction  demonstrated. 


Insert  Figure  2 
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Mean  skin  temperature  (Tsk).  Tsk  did  not  demonstrate  a  main  effect  for  age  (p  =  0.274) 
(OLD  =  23.8  ±  0.31  vs.  YNG  =  24.2  ±  0. 19°C).  Figure  3  displays  the  response  in  Tsk 
over  time.  As  expected,  a  significant  main  effect  for  time  (p  <  0.01)  was  observed  and 
subsequent  post-hoc  testing  revealed  differences  between  all  time  points  except  for  pre- 
OCC  and  OCC  and  Post-OCC.  (Table  3). 

Insert  Figure  3 

Central  Thermosensitivity  (B).  The  relationship  between  the  decrease  in  Tes  and 
increase  in  HP  following  the  release  of  occlusion  and  subsequent  recirculation  of  the 
cooled  extremity  blood  is  depicted  for  all  subjects  in  Figure  4.  All  values  for  B  are  given 
as  absolutes.  As  depicted  in  Figure  4,  B  was  higher,  but  not  significantly  different  (p  = 
0.10)  in  the  YNG  group  than  the  OLD  group  (3.56  ±  1.6  vs.  2.25  ±  1.6  W-kg'^C'1, 
respectively).  When  expressed  relative  to  AD  (for  experimental  comparisons ),  B  was 
again  not  significant  between  the  YNG  vs.  OLD  groups  (p=  0.350;  121.80±63.4  vs. 
91.56±  70.69,  respectively). 


Insert  Figure  4 


DISCUSSION 

In  the  present  study,  thermal  and  metabolic  responses  were  evaluated  during 
immersion  in  20°C  water  following  the  alteration  in  blood  circulation  (by  pressure  cuff 
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occlusion).  The  experimental  manipulation  of  Tes  by  pressure  cuff  occlusion  and  the 
subsequent  release  of  the  cooled  trapped  extremity  blood,  resulted  in  an  increase  in 
shivering  thermogenesis  and  a  reduction  in  Tes.  This  has  been  reported  previously 
(Mittleman  and  Mekjavic  1988,1991).  The  slope  of  the  Tes-HP  relationship  during  the 
dynamic  POST-OCC  phase  that  defines  central  thermosensitivity  did  not  significantly 
differ  between  OLD  vs.  YNG.  This  study  clearly  extends  the  work  of  Mittleman  and 
Mekjavic  (1988,1991)  however,  employing  a  sample  of  individuals  of  different  ages. 
Values  for  central  thermosensitivity  in  the  present  investigation  were  similar  to  those 
previously  reported  by  Mittleman  et  al.  (1997)  (overall  mean  ±  SD:  3. 18  ±  1.67  W-kg 
-1-°C'1;  YNG  =  3.56  ±  1.5  W-kg  “1-°C‘1;  OLD  =  2.25  ±  1.7  W-kg  '^C'1).  This  lack  of 
significant  difference  may  be  explained  by  the  large  variability  in  the  data,  indicating  that 
there  is  a  large  amount  of  inter-individual  variation  in  thermosensitivity.  The  variability 
in  thermosensitivity  was  similar  to  that  observed  in  previous  studies  (Mittleman  and 
Mekjavic  1991,  Glickman-Weiss  et  al.  2000). 

As  stated  previously,  it  is  well  established  that  a  combination  of  factors  such  as 
gender,  body  composition,  morphology,  age,  aerobic  fitness  and  ethnicity  may  influence 
the  individual’s  ability  to  respond  to  the  stressor  of  cold  (Glickman-Weiss  et  al.  1991, 
Glickman-Weiss  et  al.  1993,  Mittleman  1990,  Nunneley  1978).  The  subjects  in  the 
present  investigation  were  younger  (40-50  yrs  old)  than  other  studies  that  have  examined 
the  influence  of  age  on  thermoregulation,  (i.e.,  Frank  et  al.  2000  examined  58-71  yr  old 
subjects;  Richardson  et  al.  1992  examined  on  average  71  yr  old  subjects,  Falk  et  al.  1994 
examined  46-62  yr  old  subjects).  Therefore,  the  lack  of  significance  in  the  present 
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investigation  may  be  due  to  the  similarity  in  the  age  groups.  Employing  samples  that 
consist  of  more  of  a  disparity  in  age  may  therefore  elicit  differing  results. 

In  addition,  the  present  investigation  did  not  find  a  difference  between  Tes 
between  OLD  vs.  YNG.  This  response  was  unaccompanied  by  differences  in  Tsk,  HP 
(W-m'2  orW'kg'1)  and  B.  Overall,  although  not  significantly  different,  HP  (W-kg  _1  ) 
was  higher  in  OLD  compared  to  YNG,  a  finding  that  differs  with  the  experimental 
literature  (Falketal.  1994,  Richardson  etal.  1992,  Kenney  and  Buskirk  1995).  Frank  et 
al.  (2000)  and  others  (Falk  et  al.  1994,  Richardson  et  a.  1992)  have  demonstrated  that 
aging  is  associated  with  a  reduction  in  total  body  oxygen  consumption  as  well  as  a 
decrease  in  vasomotor  responsiveness.  In  contrast,  Horvath  et  al.  (1955)  examined  the 
responses  of  elderly  subjects  to  an  ambient  temperature  of  10  °C  and  found  no  significant 
changes  in  oxygen  consumption  and  heat  production  as  a  consequence  of  being  moved 
from  a  comfortable  to  a  cold  environment. 

Body  temperature  depends  on  the  dynamic  balance  between  heat  gained  through 
metabolic  heat  production  and  heat  lost  to  the  environment.  Some  of  the  physiological 
responses  to  cold  exposure  include  skin  vasoconstriction  and  shivering  (an  increase  in 
HP),  and  an  increase  in  sympathetic  nervous  system  activity.  When  heat  loss  exceeds 
heat  gain  there  is  a  decline  in  Tes.  Since  the  YNG  group  exhibited  a  similar  Tes  overall 
compared  to  their  OLD  counterparts,  it  is  likely  that  this  was  due  to  a  higher  HP  in  the 
OLD  which  may  have  been  due  to  a  reduced  vasomotor  response.  Long  term  this  greater 
metabolic  cost  may  place  a  greater  thermal  strain  on  the  older  individual.  Richarson  et  al. 
(1992)  reported  that  when  an  individual  undergoes  indirect  cooling  it  elicits  a  reflex 
decrease  in  cutaneous  blood  flow,  which  is  more  pronounced  in  the  deep  vessels  than  in 
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the  supeficial  capillaries  all  of  which  is  attenuated  with  advancing  age.  Similarly  Frank  et 
al.  (2000)  reported  both  a  decrease  in  vasomotor  responsiveness  and  subjective  sensory 
thermal  perception.  Therefore,  although  Frank  et  al.  (2000)  reports  that  both  peripheral 
vasoconstriction  and  shivering  thermogenesis,  which  are  the  two  primary  responses  that 
maintain  body  temperature  during  a  cold  challenge,  are  less  effective  in  the  elderly,  the 
present  investigation  demonstrated  that  the  OLD  group  in  the  present  investigation  was 
able  to  maintain  a  similar  Tes  compared  to  the  YNG  group  most  likely  due  to  the  higher 
HP. 

A  limitation  of  the  present  investigation  is  the  small  sample  size  and,  therefore, 
the  reduced  statistical  power  inherent  in  the  study.  However,  the  majority  of  the 
environmental/hypothermia  literature  does  involve  very  small  sample  sizes;  therefore,  the 
statistical  power  of  those  investigations  must  be  considered  as  well  as  the  difficulty  in 
obtaining  subjects  to  volunteer  to  participate  in  this  area  of  research 

The  determination  of  central  thermosensitivity  allows  for  the  assessment  of  group 
differences  (YNG  vs.  OLD)  in  the  physiological  responses  to  a  decrease  in  core  temperature 
regardless  of  the  anthropometrical  or  morphological  differences  (Mittleman  1991).  Therefore, 
the  determination  of  central  thermosensitivity  may  reveal  whether  or  not  a  certain  group  of 
individuals  is  at  a  marked  disadvantage  during  cold  exposure.  If  a  marked  disadvantage  was 
observed,  this  information  could  lead  to  alterations  in  acceptable  exposure  time,  equipment  / 
insulation  needs,  and  in  general  guidelines  set  forth  to  protect  the  individual  from  cold  related 
injuries.  Based  on  these  data  the  thermosensitivity  of  HP  during  cold  water  immersion  is  similar 


between  OLD  and  YNG. 


ACKNOWLEDGEMENTS 


The  authors  wish  to  thank  Dr.  Edward  Zambraski,  Dr.  Robert  Stadulis,  and  Mike 
Sanders  for  their  support  of  our  research  endeavors. 


This  work  was  supported  by  the  Defense  Women's  Health  Research  Program, 


DOD,  DAMD  17-95-C-5076. 


17 


REFERENCES 

Adams  T,  Covino  BG.  Racial  variations  to  a  standardized  cold  stress.  J.  Appl.  Physiol 
12(1)9-12,1958. 

Armstrong  LE.  Performing  in  Extreme  Environments.  Pp.  9.  Champaign:  Human 
Kinetics,  2000. 

Burton  AC,  Edholm  OG.  Man  in  a  Cold  Environment.  London:  Arnold,  1955. 

Collins  KJ,  Exton-Smith  AN,  Dore  C.  Urban  hypothermi:  preferred  temperature  and 
thermal  perception  in  old  age.  British  Medical  Journal.  1981;  282:  175-177. 

DMDC  Data,  DoD  Personnel,  Active  Duty  Workforce  Profile,  March  1997; 

DuBois  D,  DuBois  EF.  A  formula  to  estimate  the  approximate  surface  area  if  height  and 
weight  be  known.  Arch  Int  Med  1915;  17:  863. 

Falk  B,  Bar-Or  O,  Smolander  J,  Frost  G.  Response  to  rest  and  exercise  in  the  cold:  effects  of  age 
and  aerobic  fitness.  J.  Appl.  Physiol,  1994:  76:  72-78. 

Fitzgerald  FT,  Jessup  C.  Accidental  Hypothermia:  A  Report  of  22  Cases  and  Reviews  of  the 
Literature.  Advances  in  Internal  Medicine,  1981;  27:  127-150. 

Fox  RH,  Woodward  PM,  Exton-Smith  AN,  Green  MF,  Donnison  DV,  Wicka  ML.  Body 
temperatures  in  the  elderly  :  A  National  study  of  physiological,  social,  and  environmental 
conditions.  British  Medical  Journal.  1981:  1,200-206. 

Frank  SM,  Raja  AN,  Bulcao  C,  Goldstein  DS.  Age-related  thermoregulatory  differences  during 
core  cooling  in  humans.  Am  J.  Physiol.  2000;  R  349-354. 

Glickman-Weiss  EL,  Cheatham  CC,  Caine  N,  Blegen  M,  Marcinkiewicz  J,  Mittleman  KD, 

The  influence  of  gender  and  menstrual  phase  on  thermosensitivity  during  cold  water 
immersion.  Aviat  Sp  and  Environ  Med.  2000:  71:  715-722. 

Glickman-Weiss  EL,  Goss  FL,  Robertson  RJ,  Metz  KF,  Cassinelli  DA.  Physiological  and 
thermal  responses  of  males  with  varying  body  compositions  during  immersion  in 
moderately  cold  water.  Aviat  Space  Environ  Med  1991;  62:  1063-7. 

Glickman-Weiss  EL,  Nelson  AG,  Hearon  CM,  Goss  FL,  Robertson  RJ,  Cassinelli  DA. 

Effects  of  body  morphology  and  mass  on  thermal  responses:  revisited.  Eur  J  Appl  Physiol 
1993;  66:  299-303. 

Hardy  JD,  DuBois  EF.  The  technique  of  measuring  radiation  and  convection.  J.  Nutr 
1938;  15:  461-475. 


Horvath  SM,  Radcliffe  CE,  Hutt  BK,  Spurr  GB.  Metabolic  reposnses  of  old  people  to  a 
cold  environment.  J.  Appl.  Physiol.  8:  145-148,  1955. 


18 


Jackson  AS,  Pollock  ML.  Generalized  equations  for  predicting  body  density  in  men.  Br  J 
Nutr  1978;  40:  497-504. 

Kenney  LW  and  Buskirk  ER.  Body  fluid  and  temperature  regulation  as  a  function  of  age. 
In  DR  Lamb,  CV  Gisolfi  &  ER  Nadel  (Eds.),  Exercise  in  older  adults  (305-352).  Carmel: 
Cooper  Publishing  Company. 

Keys  A,  Taylor  HL,  Grande  F.  Basal  metabolism  and  age  of  adult  man.  Metabolism 
1973;  22:  579-87. 

Mekjavic  IB,  Rempel  ME.  Determination  of  esophageal  probe  insertion  length  based  on 
standing  and  sitting  height.  J  Appl  Physiol  1990;  69:  376-379. 

Mittleman  KD,  Mekjavic  IB.  Contribution  of  core  cooling  rate  to  shivering 
thermogenesis  during  cold  water  immersion.  Aviat  Space  and  Environ  Med  1991;  62: 
842-8. 

Mittleman  KD,  Mekjavic  IB.  Effect  of  occluded  venous  return  on  core  temperature 
during  cold  water  immersion.  J  Appl  Physiol  1988;  65:  2709-13. 

Mittleman  KD.  Effect  of  aerobic  fitness  on  central  thermosensitivity  of  heat  production 
during  cold  water  immersion.  Med  Sci  Sp  Exer  1990;  22:  S38. 

Mittleman  KD.  Role  of  morphology  on  central  thermosensitivity  of  heat  production 
during  cold  water  immersion.  The  FASEB  Journal  1990;  4:  A278. 

Mittleman  KD,  Zacher  C,  Flynn  J  et  al.  Influence  of  menstrual  cycle  phase  and  gender  on 
thermosensitivity  of  metabolic  heat  production.  Med  Sci  Sp  Exerc  1997;  29:  S282. 

Nunneley  SH.  Physiological  responses  of  women  to  thermal  stress:  a  review.  Med  Sci 
Sports  1978;  10:  250-255. 

Poehlman  ET,  Berke  EM,  Joseph  JR,  Gardner  AW,  Katzman-Rooks  SM,  Goran  MI. 
Influence  of  aerobic  capacity,  body  composition,  and  thyroid  hormones  on  age-related 
decline  in  resting  metabolic  rate.  Metabolism  1992;  41:  915-21. 

Richardson  D,  Tyra  J,  Me  Cray.  Attenuation  of  the  cutaneous  vasoconstrictor  response  to 
cold  in  elderly  men.  J  Gerontology  1992;  47:  6,  M211-M214. 

Rising  R,  Keys  A,  Ravussin  E,  Bogardus  C.  Concomitant  interindividual  variation  in 
body  temperature  and  metabolic  rate.  Am  J  Physiol  263:  E  730-E  734;  1992 


19 


Schwartz  RS,  Jaeger  LF,  Veith  RC.  The  thermic  effect  of  feeding  in  older  men:  the 
importance  of  the  sympathetic  nervous  system.  Metabolism  1990;  39:  733-7. 

Schaefer  V,  Talan  M,  Shechtman  O.  The  effect  of  exercise  training  on  cold  tolerance  in 
adult  men  and  old  C57BL/6J  Mice.  The  Journals  of  Gerontology.  1996:  51:  B38-47. 

Toubro  S,  Sorenson  TIA,  Ronn  B,  Christensen  NJ,  Astrup  A.  Twenty-four  hour  energy 
expenditure:  the  role  of  body  composition,  thyroid  status,  sympathetic  activity,  and 
family  membership.  J.  Clin  Endocrinol  Metab  81:  2670-2674;  1996 

Toner  MM,  McArdle  WD.  Physiological  adjustments  of  man  to  the  cold.  In:  Pandolf  KB, 
Sawka  MN,  Gonzalez  RR,  editors.  Human  Performance  Physiology  at  Terrestrial 
Extremes.  Dubuque,  LA:  Brown  and  Benchmark;  1988:  361-399. 

Turek  FW,  Van  Reeth  O.  Circadian  rhyhms.  In  Handbook  of  physiology.  Section  4: 
Environmental  physiology.  Vol  II,  edited  by  MJ  Fregley  &  CM  Blatteis,  1329-1360.  New 
York:  Oxford  University  Press.  1996. 

Tzankoff  SP,  Norris  AH.  Effect  of  muscle  mass  decrease  on  age-related  BMR  changes.  J. 
Appl.  Physiol.  1997;  43:  1001-6. 

Visser  M,  Deurenberg  P,  van  Staveren  WA,  Hautvast  JGAJ.  Resting  metabolic  rate  and 
diet-induced  thermogenesis  in  young  and  elderly  subjects:  Relationship  with  body 
composition,  fat  distribution  and  physical  activity  level.  Am  J.  Clin  Nutr.  1-9;  1995. 


Weyer  C,  Snitker  S,  Rising  R,  Bogardus  C,  Ravussin  E.  Determinants  of  energy 
expenditure  and  fuel  utilization  in  man:  effects  of  body  composition,  age,  sex,  ethnicity 
and  glucose  tolerance  in  916  subjects.  Int  J  Obesity  23;  715-722;  1999. 

Zurlo  F,  Larson  K,  Bogardus  C,  Ravussin  E.  Skeletal  muscle  metabolism  is  a  major 
determinant  of  resting  energy  expenditure.  J  Clin  Invest  86:  1423-1427;  1990. 


20 


FIGURE  LEGENDS 

Figure  1:  Mean  values  for  heat  production  (M±SD):  During  baseline  (BASE),  prior  to 
(Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion  (Post- 
OCC)  of  the  extremity  blood  flow  in  young  (YNG)  vs.  OLD  (OLD), 

(p  =  0.137). 

Figure  2:  Mean  values  for  esophageal  temperature  (M±SD):  During  baseline  (BASE), 
prior  to  (Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion 
(Post-OCC)  of  the  extremity  blood  flow  in  young  (YNG)  vs.  old  (OLD), 

(p  =  0.334). 

Figure  3:  Mean  values  for  skin  temperature  (M±SD):  During  baseline  (BASE),  prior  to 
(Pre-OCC),  during  occlusion  (OCC),  and  following  the  pressure  cuff  occlusion  (Post- 
OCC)  of  the  extremity  blood  flow  in  young  (YNG)  vs.  OLD  (OLD),  (p  =  0.479). 

Figure  4:  Comparison  of  values  for  thermosensitivity  (M±SD)  between  young  (YNG) 
and  old  (OLD),  (p  =  0.1 80) 


Table  1.  Subject  characteristics  (M  ±  SD). 


Variable 

Young  (n=T5) 

Old  (n=5) 

Age  (yrs) 

22.7  +  2.8 

45.2+7.3* 

-  Height  (cm) 

177.7  +  7.9 

179.7+6.2 

Weight  (kg) 

79.0+11.1 

76.2+12.2 

BSA  (m2) 

1.96  +  0.2 

1.94+0.2 

Body  fat  (%) 

10.9  +  2.9 

13.7+8.4 

VChmax  (mLkg'min1) 

46.4+9.2 

43.2+6.5 

BSA,  Body  Surface  Area;  *  p  <  0.05,  young  vs.  old 


Table  2.  Esophageal  temperature  (Tes),  mean  skin  temperature  (Tsk),  and  heat  production  (HP)  across  time  (M  ±  SD). 
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yrs)  and  15  males  (22.4  ±  2.9  yrs).  In  addition,  central  thermosensitivity  (B) 
[i.e.,  the  slope  of  the  relationship  between  the  decrease  in  esophageal  (Tes) 
temperature  and  the  increase  in  heat  production  (HP)]  gathered  during  a 
separate  water  trial  in  20°C  water,  was  correlated  to  the  change  in  Tes  and  H  P 
across  the  90-min  of  resting  exposure  during  the  CATT.  ANOVA  revealed  no 
significant  difference  between  phase  of  menstrual  cycle  or  gender  between  men 
and  women  for  HP,  mean  skin  temperature  (Tsk),  and  insulation  (I),  however  a 
main  effect  for  time  for  these  parameters  was  demonstrated.  Despite  these 
similarities,  Tes  differed  (p<0.05)  between  men  and  women.  Additionally, 
there  was  no  relationship  found  between  B  and  AHP  and  ATes.  These  data 
suggest  that  menstrual  cycle  phase  did  not  cause  a  differential  response  in  Tes, 
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The  purpose  of  this  investigation  was  to  evaluate  the  influence  of  ethnicity, 
on  thermosensitivity  and  metabolic  heat  production  (HP)  during  cold  water 
immersion  (20°C)  in  15  Caucasian  [(CAU)  22.7  ±  2.7  yr.]  vs.  7  African- 
American  [(AA)  21.7  ±  2.7  yr.]  males.  Following  a  20  min  baseline  period 
(BASE),  subjects  were  immersed  in  20°C  water  until  esophageal 
temperature  (Tes)  reached  36.5°C  or  for  a  maximum  pre-occlusion  (Pre- 
OCC)  time  of  40  min.  Arm  and  thigh  cuffs  were  then  inflated  to  180  and 
220  mmHg,  respectively,  for  10  min  (OCC).  Following  release  of  the 
inflated  cuffs  (Post-OCC),  the  slope  of  the  relationship  between  the  decrease 
in  Tes  and  the  increase  in  HP  was  used  to  define  thermosensitivity  (6). 
ANOVA  revealed  no  significant  difference  in  thermosensitivity  between 
CAU  and  AA  (CAU  =  3.5  ±  1.6  vs.  AA  =  2.4  ±  1.4  W-kg'^C1).  No 
significant  differences  (p  >  0.05)  were  found  for  Tsk  (CAU  =  24.3  ±  0.3  vs. 
AA  =  25. 1  ±  0.4°C)  or  HP  (p  >  0.05;  CAU  =  2.5  ±  0.2  vs.  AA  =  2.2  ±  0.3 
W-kg1)-  However,  a  significant  (p  <  0.05)  main  effect  for  ethnicity  for  Tes 
was  observed  (CAU  =  36.7  ±0.1  vs.  AA  =  36.5  ±  0.1°C).  These  data 
suggest,  despite  a  differential  response  in  Tes  between  AA  and  CAU  groups, 
the  B  of  HP  during  cold  water  immersion  is  similar  between  CAU  and  AA. 
Therefore,  these  data  demonstrate  that  when  faced  with  a  cold  challenge, 
there  is  a  similar  response  in  HP  between  CAU  and  AA  that  is  accompanied 
by  a  differential  response  in  Tes. 
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